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The Importance of the Microenvironment in Insect Ecology’ 
Ray F. Smiru, University of California, Berkeley 


In recent years the importance of the 
physical environment has been ignored in 
many investigations of insect biology and 
ecology. There have been exceptions to 
this generalization—as, for example, the 
work of Wellington and his colleagues in 
Canada (Wellington & Henson 1947, 
Wellington 1948, 1949a, 1949b, 1950, 
Wellington et al. 1950)—but, in general, 
there has been a preoccupation with the 
biology and physiology of the insects and 
the biotic factors of the environment. 
There are, no doubt, good reasons for this 
development; but better balance will re- 
sult through a more thorough considera- 
tion of the physical factors of the environ- 
ment, particularly those of microhabitats. 

Most ecologists believe in the concept 
of the ecosystem, that is, living organisms 
and their non-living environment are 
inseparably interrelated and_ interact 
upon each other (Solomon 1949). No one 
factor or group of factors can be singled 
out as having the most significance. 
Consequently, it is not proposed that un- 
due emphasis be given to physical factors. 
However, if we are to understand fully 
the behavior, distribution and abun- 
dance of insects, the environment must be 
evaluated and analyzed at the place where 
the insect meets it. By this is meant anal- 
ysis and evaluation of the microenviron- 
ments. 

_ Wuar Is a MickoeNviIRONMENT?—It 
is the immediate environment in which 
the organism actually exists. This micro- 
environment consists of various biotic 


and abiotic factors just as do larger en- 
vironments. The prefix “‘micro”’ is used 
because we are dealing with small organ- 
isms, and their environment is frequently 
quite different from the one which we 
experience as humans. 

Because of the confusion over the term 
‘“‘microclimate,” it is necessary to clarify 
some terminology (Schilling et al. 1946, 
Wolfe et al. 1949, Geiger 1950, Wellington 
1950). In recent times, microclimate has 
been used to cover everything from the 
conditions at the surface of a leaf to varia- 
tions between local weather stations sep- 
arated by several miles. For clarification, 
this wide range can be divided into three 
categories. These categories are somewhat 
intergrading and are suggested for con- 
venience of discussion. 

The first is that which the meteorol- 
ogist usually has in mind when he con- 
siders microclimate. He thinks of the vari- 
ations of climate in a small area perhaps 
two or three square miles in extent (Wolfe 
et al. 1943, Brunt 1945, Sutton 1953). 
Such factors as topography, urban in- 
fluences, proximity to water, soils, soil 
drainage, snow cover, vegetation and 
others contribute to this variation (Geiger 
1950). This category may be called local 
climatic variations, but it has also been 
referred to as topoclimate, microclimate, 
local climate, and mesoclimate. The local 
climatic variations are of considerable 

1 Invitation paper presented before the meeting of Section C, 
Insect Biology, Sub-Section of Ecol and Bionomics of the 


Entomological Society of America held at Los Angeles, Cali- 
fornia, December 9, 1953. 
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importance to plant growth and undoubt- 
edly influence insects both directly and 
indirectly through their effect on the 
plants. 

In the second category are placed the 
variations in the layer of air near the 
ground, that is, the layer of air normally 
beneath the standard weather-instrument 
shelter. It is the subject of Rudolf 
Geiger’s book entitled ““The Climate Near 
the Ground” (Geiger 1950). We might 
also think of this as the “plant climate” 
and it corresponds roughly to the eco- 
climate of Uvarov (Uvarov 1931). The 
actual thickness of this layer will depend 
on the height and density of vegetation. 
Vertical gradients are frequently very 
sharp and change rapidly (Schilling et al. 
1946). 

Entomologists and some ecologists are 
probably more inclined to think of a still 
smaller category. They think of the condi- 
tions under the bark of a tree, or in ants’ 
nests, or in a burrow in the soil, or amidst 
the stamens of a flower. That is, the en- 
vironments of insect microhabitats. For 
purposes of discussion, this may be re- 
ferred to as the “insect climate.” 

Use or STaNDARD WEATHER Data.— 
In the development of meteorology during 
the 18th and 19th centuries it was found 
necessary to standardize methods. The 
objective at that time was to determine 
and describe the environment in which 
man lives. To eliminate variations, the 
standard shelter was developed. Its height 
was fixed at about 4 to 6 feet to avoid 
the extreme variations which occur in 
the layer of air below this level. The data 
obtained from instruments in such shelters 
allow the climatologist to compare factors 
over a period of time. He can tell us how 
today’s weather compares with that of 
last year and how it differs from the 
average obtained over a period of years. 
This macroclimate analyzed by the 
climatologist is human climate and is of 
little value when information is needed on 
the vertical and horizontal variations in 
local climate, the “‘plant climate,” or the 
“insect climate.” Data from weather 
shelters are data from a special micro- 
environment—the weather shelter. They 
may not even parallel the situation in 
other nearby microenvironments (Thorn- 
waite & Leighly 1943). 

These last statements do not mean that 
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weather bureau records are useless to 
entomologists (cf. Wolfe 1945, Wellington 
et al. 1950). These records have allowed 
the climatologist to develop a pattern of 
the human environment over the earth, 
to determine climatic variations in time, 
and to analyze periodicity of extremes of 
such phenomena as rainfall, temperature 
and wind. These data in turn have been 
used by entomologists and ecologists to 
analyze the limits of distribution and 
abundance of various species. Many 
valuable studies of this type have been 
made of such insects as the pale western 
cutworm, alfalfa weevil, codling moth, 
spruce budworm, forest tent caterpillar, 
beet webworm, chinch bug and the wheat 
stem sawfly. Bioclimatic studies are con- 
tinuing on a more intensive basis, as wit- 
ness the studies of fruit flies in the 
Hawaiian Islands. In the future, such 
studies undoubtedly will make even 
greater contributions to our knowledge of 
insects. However, only when we are 
fortunate enough to have the microen- 
vironment of the instrument shelter 
parallel the microenvironment of the in- 
sect, will the use of standard weather data 
alone lead to success in such studies. In 
more complex situations, it is necessary 
to make special and detailed observations. 

Factors CONTRIBUTING TO VARIATION. 
—Within the area embraced by a macro- 
climate there exists an intricate and dy- 
namic matrix of small climates. These het- 
erogeneous groups of small climates are, 
of course, influenced by the macroclimate 
with the seasonal and diurnal changes of 
the macroclimate reflected in the climates 
of microhabitats. The amplitudes of these 
changes may be greater or less than those 
of the macroclimate. 

There is not time in this brief discussion 
to go into detail examples and analysis of 
why microclimates differ from those re- 
corded in standard weather shelters or 
why local climatic differences occur. (See 
Salisbury 1939, Brunt 1945, Wolfe 1945, 
Chauvin & Aguilar 1946, Schilling ef al. 
1946, Geiger 1950.) However, a few 
points should be mentioned. Topography 
is very important as it relates to insolation 
and air movement. As compared to a 
convex land form, such as a hill, a concave 
land form, such as a valley, will have a 
much lower daily minimum temperature, 
a larger temperature range, more frequent 
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frosts, and lower winds. In the layer of 
air near the ground, radiant heating and 
cooling are very critical in determining 
temperatures. The influence of soil type, 
soil cover, soil drainage, and vegetation 
on microclimate is closely related to their 
effect on heat flow. As a result, tempera- 
tures many degrees apart may exist within 
a few inches of each other. 

Another factor—rainfall—is more vari- 
able than is generally realized (Wolfe 
1945). A study in Oklahoma (Thornwaite 
1937), for example, showed large differ- 
ences in rainfall in a rather small area. 
The rainfall at Guthrie was 1.17 inches; 
while the rainfall 10 miles to the north- 
east was 1.50 to 2.00 inches or more; and 
in an area of about 2 miles square, 12 
miles to the northeast, it was 2.5 inches. 
Furthermore, a large area 15 miles to the 
southwest had about 0.1 inch of rainfall. 
This concerns only amount; the distribu- 
tion of rainfall in time, in addition, has 
great ecological significance. 

The development of urban areas also 
modifies local climates. This would appear 
to be due to the extensive covered area, 
reduced evaporation, artificial heat, and 
air pollution. In general, urban areas are 
warmer than surrounding rural areas. 

In 1931, Uvarov made the following 
statement in his classical review of insects 
and climate: “In spite of the obvious im- 
portance of the ecoclimates for the proper 
understanding of the actual conditions of 
existence, very little work has been done 
on the subject. ...” By ecoclimate, he 
meant the local climatic variations and 
the plant climate. Since that time, and 
particularly since World War II, such 
data have been accumulating (Geiger 
1950). On the other hand, precise infor- 
mation on the conditions in insect micro- 
habitats is extremely scanty. Data ob- 
tained by Wellington (1950) have in- 
dicated the importance of such studies. 
He found that even under winter condi- 
tions, when the sun is at low elevations, 
heating is still sufficient to raise exposed 
coniferous foliage more than 2° C. above 
the surrounding air. In summer, the leaves 
were found to be 8° C. above the sur- 
rounding air during the day, and 3° below 
at night. Under snow on a branch, the 
diurnal temperature range was 18° C., 
while in the air it was 23°, and on exposed 
bark it was 26° (Curtis 1938). In addition, 
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humidities in small spaces or near sur- 
faces, which are very difficult to measure, 
may be radically different from the sur- 
rounding air (Yarwood & Hazen 1944). 

These microenvironments should not be 
considered as independent of the insects, 
as it is well known that insects modify 
the conditions of their environments. 
Sullivan & Wellington (1953), for exam- 
ple, have shown that the nests constructed 
by tent caterpillars modify the tempera- 
ture and humidity of the microenviron- 
ment and hence influence the development 
of the caterpillars. 

PRoBLEMsS OF INSTRUMENTATION.—As 
indicated earlier, weather bureau data are 
not applicable for most microenvironment 
studies of insects and hence the ento- 
mologist must obtain his own. There are 
several reasons why this is not easy. The 
lack of adequate instrumentation is prob- 
ably the biggest problem facing the in- 
dividual investigator. This lack is two- 
fold—instruments have either not been 
developed, or if developed are frequently 
so expensive as to still be out of reach of 
many investigators. Furthermore, instru- 
mentation for microenvironmental re- 
search in the field has lagged far behind 
that available for laboratory use. 

Many of the instruments and _ tech- 
niques which ecologists have been ac- 
customed to using in macroenvironmental 
research are not adequate for an analysis of 
microenvironments. Radiation effects are 
so important that the standard mercury- 
in-glass thermometers are almost useless. 
The data obtained by the use of such 
thermometers are not the temperatures of 
the microenvironment, but the tempera- 
tures of the thermometer bulbs exposed 
to the particular conditions. These are 
not the same (Fairchild 1942). Similarly, 
the hair hygrometer is inadequate to de- 
termine differences in humidity gradient 
near the ground. Where rapid changes are 
encountered, some type of thermoelectric 
hygrometer must be used. 

The problem is not hopeless. However, 
instruments must be selected with care 
and with the needs of the particular proj- 
ect in mind. First, it might be well to 
suggest a list of minimum of equipment 
any field entomologist will need to de- 
scribe the environment in which his 
studies are conducted. This list is selected 
to give the maximum information for the 





























































smallest cost. It would include an aspirat- 
ing psychrometer, a black globe ther- 
mometer, and an anemometer. In some 
cases, to these should be added some type 
of evaporimeter (Thornwaite 1940) and a 
rain or snow gauge. The placement of 
these instruments and the frequency of 
observations will depend upon the par- 
ticular problem, but they should be 
standardized and reported. It is probably 
a better practice to take no data than to 
report meaningless temperatures and 
humidities. 

For more detailed investigations of 
microenvironment, the problem becomes 
more difficult (Baum 1948, Jehn 1948, 
Kelly et al. 1949). In many cases it will be 
found that instrument design must go 
hand in hand with research progress, as 
intensive microclimatic studies require 
special instrumentation. The minimum 
list necessary to define a microclimate 
cannot be stated explicitly, as the exact 
items will vary with the problem. How- 
ever, mention should be made of certain 
instruments and problems. 

The importance of the effect of radia- 
tion on thermometers used to determine 
ambient air temperatures is not always 
realized (Wellington 1949c). If the tem- 
perature of the walls, sky or other features 
that “see” the thermometer is higher or 
lower than the air temperature, the ther- 
mometer will gain or lose heat by radia- 
tion, and the indicated temperature will 
not be the true air temperature. Perhaps 
the best way to reduce this error is to use 
a thermocouple as small as can be con- 
veniently handled, enclosed in a single or 
double cylindrical shield of polished metal 
(Eggert 1946, Kelly et al. 1949, Vaartaja 
1949). Thermistors also offer some prom- 
ise for the future (Platt & Wolfe 1950). 

Temperatures and heat flow studies are 
a vital part of any microenvironmental 
research problem (Kelly e¢ al. 1949). For 
estimating the rate of heat loss by con- 
vection, the dry-bulb temperature of the 
air and the rate of air flow must be known. 
The calculation of the rate of heat loss 
by radiation involves the temperatures of 
surfaces or the direct measurement of 
emission. Small heat flow meters are avail- 
able for measuring directly the heat flow 
through surfaces. Radiometers are avail- 
able for measuring total solar and sky 
radiation and the intensity of radiation 
from a surface. The black plate radiome- 
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ter of Gier & Dunkle (1951) measures 
whole spectrum net radiation, including 
sunshine, diffuse sky radiation and at- 
mospheric radiation. Since the plate is 
exposed to forced air motion, its tempera- 
ture is close to air temperature, and the 
net radiation observed is itself very nearly 
what an exposed leaf surface experiences, 
The black globe thermometer (Bedford 
& Warner 1934) is a hollow, blackened 
copper sphere, with a thermometer or 
thermocouple at its center. If located in 
the sun, the globe temperature will reach 
a level somewhat above that of air tem- 
perature, determined by the balance be- 
tween the net heat received by radiation 
and heat loss by convection. Either can 
be calculated if the temperature departure 
and the air velocity at the sphere are 
known. The large size is inconvenient for 
some applications. In other cases, black- 
ened thermocouples or thermocouples in 
small black objects may be useful 
(Wellington 1949c). 

The measurement of visible light is of 
special importance in certain studies. Not 
only should the intensity of this light be 
measured and compared for the various 
situations, but its duration, quality and 
relationship to total radiation should be 
studied (Wolfe et al. 1943, Shirley 1945). 

As a minimum list of objective climatic 
factors describing the well being of plants, 
Brooks and Kelly of the University of 
California at Davis, have given the fol- 
lowing: continuous records of air tempera- 
ture at 20”, wet bulb temperature at 20’, 
black globe temperature at 30”, and soil 
temperature at — 4”. These should be sup- 
plemented with records of hourly mean 
wind velocity, wind direction, black at- 
mometer readings, and precipitation. 

APPLICATION OF Data.—The mere ac- 
cumulation of reams of data sheets will 
not solve problems. The vast amount of 
labor required to reduce the data to useful 
form is staggering. For example, in the 
orchard heating investigations conducted 
recently by the University of California 
Agricultural Experiment Station, inter- 
pretation of all the findings recorded in 
30 nights required more than a year. In 
another study in Texas, a year’s basic 
data used 1700 recorder rolls, the equi- 
valent of 33 miles of data (Jehn 1948). 
Microenvironment research should con- 
centrate on the solutions of specific 
problems. The data collected and the 
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methods utilized should be designed to 
clearly relate to the ecology of the organ- 
isms. We should study insects and their 
microhabitats, and not microclimates 
without reference to their contained 
organisms. 

Early workers and even some recent 
workers have misapplied environmental 
data in attempts to solve their problems. 
For example, data from one area or year 
have been used to interpret phenomena in 
another area or year. Data obtained from 
a small segment of the population have 
been applied to a whole population or 
even to the entire species. Laboratory and 
greenhouse studies have been directly 
applied to organisms living under natural 
conditions. Furthermore, attempts to cor- 
relate such data with activity have often 
been made without considering all the 
factors of the environment. These errors 
are obvious, but nevertheless continue to 
recur. 

The problem of adequate sampling is 
also serious. If one wishes to compare, for 
example, temperature in an orchard and 
a nearby field, the use of a single station 
in each area does not provide adequate 
records for a reliable comparison. It is 
necessary to obtain sufficient data in 
order to estimate the variation and to 
make reliable comparisons. One possible 
solution would be to obtain continuous 
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records from a number of instruments in- 
stalled at numerous randomized points in 
each area. This, however, is usually pro- 
hibitive in cost, since it requires a con- 
siderable number of expenseve instru- 
ments. H. G. Wilm (1946) has suggested 
a modification which may be of some 
value in entomological problems. In his 
method, a relatively small number of 
instruments were placed in each area. 
These instruments were not at fixed posi- 
tions for the duration of the study, but 
moved after each sampling period to a 
new random position. These moving 
gauges were supplemented by a few fixed 
gauges. In one such study, 80 rain gauges, 
moved after each rainfall to new sites on 
each of 20 plots, produced an estimate as 
efficient as if 400 fixed gauges had been 
used. 

In conclusion, it can be stated positively 
that studies of insect microhabitats alone 
will not solve our problems of insect 
abundance—however, it is a province of 
the field of insect ecology that should be 
developed more than it is at the present 
time. In other words, a more thorough 
knowledge of the interrelationships of in- 
sects and their microenvironments is 
needed. This knowledge can probably be 
obtained through cooperative research by 
entomologists, ecologists and meteor- 
ologists. 
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The Insect and the Plant Disease’ 


Wa ter Carter, Pineapple Research Institute, Honolulu, Hawaii 


The title is intended to connote a field VariED ProsLeMs.—The problems in 
of scientific inquiry and includes the three this field are extremely varied but in 
inseparable basic components, the insect, general they fall into three categories: the 
the disease producing entity, and the plant disease caused by a microorganism 
plant which is host to both. This descrip- which is carried to the host plant by 
tion and analysis are primarily from the means of insects, the toxin induced dis- 
standpoint of the entomologist-ecologist ease, and finally the disease caused by 
but with due regard for and appreciation — the insect transmitted virus. 
of the several specialized disciplines that In the first category can be mentioned 
contribute to it. The insect may be stud- the devastating Dutch elm disease, with 
ied as a separate entity, with perhaps _ its close relationship between fungus and 
scant attention to its host relationships; beetle vector; a somewhat similar disease 
the disease producing entity can be iso- of mango in the State of Pernambuco, 
lated and classified and some of the vi- Brazil; the shot hole borer of tea, an al- 
ruses can even be brought to a relatively most universal pest of tea in Ceylon, 
pure state in a test tube. But when insect, 
host plant, and disease producing entity _,,' Puplaied with the approval of the Dieta of te Ti 
are brought together, then the approach 1S 2 Invitation paper presented before the meeting of the En- 


: “ . tomol 1 Society of A t Los Angeles, California. 
the biological-ecological one. peenntagiant Ensiety of Amrion ot Lae, Anapies, Cali 
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which again is an ambrosia beetle; 
Stewart’s disease of corn, a_ bacterial 
disease which overwinters in its beetle 
vector and which is of especial interest to 
synecologists because of the possibility of 
predicting outbreaks based on weather; 
rot of wheat following billbug feeding and 
the rots following attack by the corn ear- 
worm and the European corn borer. 

With the exception of many plant galls, 
the toxin induced diseases of plants are 
caused by sucking insects. Attempts at 
classification of these diseases have been 
based on symptoms only and, on this basis, 
three general and very loosely drawn 
categories can be established; the local- 
ized spotting of leaves and stems, often 
confused with trauma or a simple with- 
drawal of cell contents; a condition where 
the toxic effect is evidently due to trans- 
location of the toxic substance beyond the 
feeding point, and finally the more ex- 
treme cases where the toxic effect is on 
the whole plant. 

In the first class, the spotting of leaves 
by Coecids is perhaps the most familiar. 
Many of these are considered to be strictly 
localized but there is plenty of evidence 
of diffusion of toxicity beyond the feeding 
point, resulting in zonate spots. Insect 
galls appear to be definitely localized with 
no translocated effects noted. The hopper- 
burns are among the oldest known toxic 
effects of insect feeding and the nature of 
the injury is still a matter of controversy. 
Some leafhopper induced diseases fall 
into the second class however, where the 
plant is affected beyond the feeding point, 
and wilting and formation of adventitious 
buds follows. Planococcus citri (Risso) 
removed from jack fruit in Brazil and 
fastened singly onto the leaves of cacao 
plants caused no visible injury to the leaf 
but resulted in the abscission of the newly 
emerging leaves. Mealybug stripe is an 
example of the translocation of a toxic 
principle down to meristematic tissue 
where it affects the chloroplasts in such a 
manner that areas of chlorosis develop on 
the leaves after they have grown out and 
the unaffected tissue has become normal 
green, 

The two best known examples of the 
third category, the systemic toxic effect, 
are psyllid yellows of potato and tomato 
and mealybug wilt of pineapple but the 
toxic effects of Xerophloea vanduzeei Law. 
have been recently described as systemic 
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and froghopper blight of sugar cane 
should propably be considered in the same 
category. 

The insect transmitted virus diseases 
constitute the third and probably the 
largest and most important category if, as 
appears likely, the insect vectors are dis- 
covered for many virus diseases that are 
not now known. Even without regard 
for the rapidly expanding knowledge of 
the occurrence of virus diseases, some of 
the most devastating diseases of agricul- 
tural crops throughout the world are in 
this category. 

GuosaAL ProsteEM.—The problem of 
insects in relation to plant diseases is a 
global one, and with the development of 
agriculture along modern lines (which 
appears essential if the world is to be fed) 
is becoming more and more acute. In 
tropical areas, the vast forests are being 
revealed as reservoirs of hitherto un- 
known insects and diseases, only awaiting 
the growing of a suitable crop and the 
host transfer of insects to establish dis- 
eases of the crops which may be limiting. 
A prime example of this is to be found in 
the Gold Coast and all along the great 
forest belt that exists along the west 
coast of Africa, where cacao has become 
the mainstay of the native economy. 
While the industry was developing in 
virgin forest areas, the host transfer of 
insects, and with them the diseases, was 
quietly taking place. There is strong evi- 
dence that several species of capsid have 
transferred in this way to become a 
limiting factor in the establishment of 
new cacao plantings and the maintenance 
of old ones. Even more serious is the 
spread of a group of virus diseases of the 
cacao from forest trees by the agency of 
mealybugs of several species. It has been 
freely predicted that the growing of cacao 
along the whole of the west African coast 
is doomed to destruction unless successful! 
control measures can be found. In Ceylon, 
it has recently been determined that a 
similar group of viruses of cacao exists, 
with similar mealybug vectors and in all 
probability with similar wild host tree 
relationships. In between these widely 
separated areas lies the island of Trini- 
dad, with another group of mealybug 
transmitted viruses of cacao. 

Sugar cane mosaic was first recognized 
in 1917 and is now known as a destructive 
disease in many sugar cane producing 
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countries. The case of tomato spotted wilt 
is another example of how widespread a 
disease can become throughout the world. 
First described from Australia on tomato, 
it is now known from all over the world. 
In Hawaii, it can be a destructive disease 
of pineapple plants and fruit. This thrips- 
transmitted disease is unique in its vector- 
virus relationships even though the thrips 
species involved varies with the geograph- 
ical area. 

Mealybug wilt of pineapple is another 
disease of world wide distribution limited 
only by the climate suitable for the host 
plant. In many primitive areas, with 
shifting cultivation, small scale pineapple 
growing is not materially affected but as 
soon as the crop becomes a commercial 
crop, grown on the same land cycle after 
cycle, then mealybug wilt becomes a 
limiting factor. Already, growers in the 
newly opened pineapple areas in South 
Africa are beginning to notice mealybug 
populations on the increase and this will 
be followed inevitably by increasing wilt 
incidence. 

Wherever Helopeltis is found, agri- 
cultural crops suffer from their attack 
which is extremely toxic and damaging. 
Coconuts are grown over a wide area 
geographically but immature nutfall is a 
general problem. In some places this is 
ascribed to weather conditions or inade- 
quate agronomy but there is definite evi- 
dence that several capsid species are con- 
tributors. Some idea of the toxicity of 
these insects can be gained from the state- 
ment that one or two Amblypelta per tree 
can render an area non-bearing. 

The most recently recognized inter- 
national virus disease is that affecting 
the citrus areas of the world. Known as 
Tristeza, the sad disease, in Brazil, it is 
probably destined to be a limiting factor 
wherever suitable root stock-scion combi- 
nations are used in citrus growing. 

Curly top, classic disease of sugar 
beets and other crops in the western 
United States, has its counterpart in the 
Argentine, and on the basis of symptoms 
at least, in the beet leaf curl transmitted 
by Piesma quadrata Fieb. in Continental 
Europe. 

The examples referred to above have 
dealt with those viruses and other diseases 
which affect widely scattered areas 
throughout the world. There are however 
many more that are restricted, at least 
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currently, to relatively small areas. Yel- 
low leaf of New Zealand flax (Phormium 
tenax) is a newly recognized virus disease 
which is believed to be endemic to New 
Zealand. Phloem necrosis of tea is limited 
to a certain altitude and rainfall zone in 
Ceylon and, strangely enough, a serious 
disease of tea induced by the toxic feed- 
ing of one species of Lygus bug occupies 
the same restricted area. A gnarled savoy- 
like curl of kapok seedlings caused by the 
toxic feeding of a mealybug is known only 
from a single kapok nursery in Ceylon 
with the insect responsible not yet deter- 
mined as to species. 

Researcu Aspects.—The research as- 
pects involved are as varied as the prob- 
lems themselves. A fungus or bacterial 
disease may be disseminated in a great 
many ways, and insects may be only one 
of these. All information concerning modes 
of dissemination would therefore be rele- 
vant. There would be little point in at- 
tempting the control of an insect vector 
unless its role in the spread of the disease 
was important enough that a substantial 
reduction in disease incidence could be 
expected if the vector were to be effec- 
tively controlled. 

Of particular interest to entomologists 
are those diseases where a symbiotic rela- 
tionship exists between the disease organ- 
ism and the insect. These relationships, 
such as exist between the ambrosia beetles 
and their fungi, for example, can be found 
in several insect groups, widely separated 
taxonomically, although it is in the Dip- 
tera and Coleoptera that most of the 
examples are found. Research in this field 
offers many opportunities for the anato- 
mists and the histologist, provided that 
there is good liaison between these 
workers, the microbiologist, and the field 
entomologist, for by these means the sea- 
sonal history of the association between 
organism and insect can be determined. 

In the case of the toxin induced diseases, 
we are first confronted with the problems 
of establishing the disease as a toxic 
effect, and the criteria are still not well 
defined. The first step is the elimination 
of trauma as the cause but this is not al- 
ways entirely possible. Many of the leaf 
curls probably are combination effects 
of both toxic injection and actual me- 
chanical damage. Histological examina- 
tions of affected cells often eliminate 
mere cell sap withdrawal as a major 
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factor. On the nature of the toxins there 
is little direct evidence. Some appear to 
function as enzymes. There is some 
evidence for hormone-like action; indeed 
the hormones appear to be the only 
known class of compounds that function 
at similar concentrations. 

The non-infectious nature of the toxins 
needs demonstrating but this is difficult. 
Some insects carry viruses through the 
egg; other viruses might be so short lived 
in susceptible host plants that an infec- 
tious nature could not be demonstrated. 
The more complex the toxin, the closer 
to a virus disease in symptomology and 
epidemiology the toxemia becomes. An- 
other difficulty is the mechanism of toxic 
action when time and space are con- 
sidered. How, for example, does a toxin 
act if there is a latent period for symptom 
development? Is this just translocation 
time? If not, what then? Could the toxin 
act on the genes in somatic cells of the 
plant, and if so, how could this phenome- 
non be separated from the vegetatively 
transmitted virus or the so-called non- 
infectious chlorosis? 

Specificity is one of the most important 
sources of evidence for the toxic action 
of specific insects. But here again, these 
are conditioned by host reaction. E’m- 
poasca solana DeLong feeding produces 
only discrete chlorotic spots on amaranth 
but a typical hopperburn on cucurbits. 
Studies on specificity also involves the 
complex problem of biological strains of 
insects. Taking only the mealybugs as 
an example, there is plenty of evidence 
that many of the best known species are 
actually groups of biological strains. This 
may complicate a problem in several ways, 
and Dysmicoccus brevipes (Ckl) in Hawaii 
can be quoted as an example. The two 
known strains differ in their toxicity to 
pineapple plants and in their suscepti- 
bility to attack by encyrtid parasites. 
Furthermore, if a strain of mealybugs on 
pineapple plants is primarily a sub-surface 
feeder, with only occasional movement up 
to the leafy portion of the plant, then the 
factors conditioning this movement would 
be significant with respect to the inci- 
dence of wilt. Mealybugs apparently 
must feed on the paler green inner leaves 
of the plant before they can effectively 
induce wilt. Mealybug wilt in the State 
of Sado Paulo in Brazil is typically of this 
origin; that is, large mealybug colonies 
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are almost universally encountered on the 
sub-surface portions of the plant but wilt 
is seen only in conjunction with evidence 
of leaf feeding. 

The analogy between the toxic effects 
of insects’ feeding and the action of cer- 
tain plant hormones is another fruitful 
field for research and the possibilities of 
inducing somatic mutations or at least 
carry-over effects on vegetative progeny 
through toxic feeding are not too remote. 
The tissues on which sucking insects feed 
may well determine the toxic effect on 
the plant. This aspect is well documented 
in connection with numerous studies on 
leahoppers but actually there is much 
more to be done. Currently we are de- 
pendent on the presence of feeding tracks 
to make these determinations, but these 
have never been described for most suck- 
ing insects. Furthermore, there is a weak- 
ness in the assumption that a feeding 
tract that penetrates intra-cellularly to 
the phloem and xylem tissues affects only 
these tissues and blandly disregards the 
effect on the parenchyma cells penetrated 
en route. The inter-cellular feeders are 
perhaps less suspect but, again, that is 
another assumption. 

The phototopisms of Helopeltis bear a 
significant relationship to its attack on 
many crops. Years ago, tea in Java was 
pruned in strips on the grounds that the 
insect would not freely cross open spaces. 
In Ceylon, it can be observed that cacao 
pods are attacked more heavily on the 
inside of the tree than on the outer 
branches and this is indeed an important 
factor in reducing control costs by limit- 
ing spray application to the inner 
branches. Why, then, are young shoots 
on the outer periphery of old trees, and 
on young seedlings growing in relatively 
open spaces, attacked? There is an inter- 
esting conflict here between a_photo- 
topism and a _ nutritional requirement 
that must be the subject of research if 
Helopeltis control in both phases is to be 
achieved. 

The entomologist’s field for contribu- 
tion to the problem of the insect trans- 
mitted virus disease has materially clari- 
fied in recent years. When viruses were 
first prepared in various kinds of crystal- 
line states, it looked for a time as if virus 
studies were soon to be completely domi- 
nated by the biochemical approach. As 
time passed, however, the inevitable 
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dominance of the plant virus disease as a 
field problem in its own ecological niche 
asserted itself so that now the biochemical 
approach is recognized for what it is—a 
highly significant but single facet of a 
many facetted problem. 

To this problem the entomologist can 
bring a two-fold approach—the study of 
vector-virus-host plant relationships and 
quantitative population studies correlated 
with these relationships. These are the 
basic studies necessary to a proper under- 
standing of the field problem and sub- 
sequent control measures. They are broad 
categories however and research oppor- 
tunities within them are almost unlimited. 
For example, when an insect vector ar- 
rives in a field crop, the spread of the virus 
will depend, among other things, onthe 
percentage of the insects carrying virus, 
the length of time it takes for others to 
acquire the virus, its latent period in the 
insect, if any, and the number of succes- 
sive feedings during which it can transmit 
the virus to other plants. Obviously, con- 
trol measures directed against the insect 
will be conditioned by these factors. A 
freely moving insect that can acquire and 
transmit in a few minutes a virus with a 
short incubation period in the plant will 
present a much more difficult control 
problem than one which requires a longer 
feeding period, has a definite latent period 
for the virus in its body and perhaps a 
longer one in the crop plant. The latter 
might possibly be stopped in its tracks 
by some of the newer residual insecti- 
cides but about the only hope for the 
former is a residual insecticide which 
will prevent the insect feeding in the first 
place. 

Some of the factors I have mentioned 
are now loosely covered by the term 
“vector efficiency.” Actually the term 
currently expresses the relative success 
obtained in laboratory and greenhouse 
transmission studies. There is little or 
nothing known, beyond speculation, as to 
the causes of these differences in the 
capacity of insects as virus vectors. 

If insect population studies are quanti- 
tative and carried on with due regard to 
host plant sequences and the role of the 
host plants as virus reservoirs, they can be 
of great economic importance. In some 
cases, the vector can be attacked at its 
source and its breeding on the wild virus 
hosts prevented. This can involve large 
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scale operations—either by direct control 
measures such as insecticidal sprays, or 
better perhaps, in the long run, by ade- 
quate range management. In the case of 
curly top disease, it is clear that misuse of 
the range lands has resulted in a distortion 
of the plant species complex which favors 
the introduced weed hosts of the insect 
vector. 

On the purely theoretical side, the posi- 
tion of the insect vector in the evolution- 
ary process whereby viruses arise and 
spread cannot fail to be of significance. 
With Circulifera tenellus (Baker) now 
recognized as a Mediterranean species it 
can be postulated either that some un- 
known endemic vector remains to be dis- 
covered in the area currently affected by 
curly top or that a latent virus existed in 
that area and became the curly top virus 
once it established biological liaison with 
the introduced insect. The latter alterna- 
tive would require that the original 
latency, if already a virus, be seed trans- 
mitted in some hosts. This is at least one 
problem which has felt the impact of 
taxonomy, and while a more biological 
approach to taxonomy may be helpful in 
some cases our dependence on the taxono- 
mist should not be overlooked. 

INTERNATIONAL AspEcts.—The inter- 
national aspects of the problems discussed 
in this paper require consideration. The 
movement of plant material, even seeds, 
internationally, especially by air, imposes 
a severe burden on quarantine officers. 
With dormant stock it is impossible with 
any known diagnostic methods to deter- 
mine the freedom of such stock from virus 
diseases. Growing in quarantine is possible 
when transfer is accomplished through 
official bodies but practically prohibitive 
in the case of private importations. The 
development of reliable quick diagnostic 
methods would be invaluable. But it is in 
the constructive long range viewpoint 
that multilateral international action can 
best be visualized. 

The development of resistant commer- 
cial varieties is the most practical control 
measure known against insect transmitted 
diseases. Throughout the world where 
food crops have been grown in regions 
isolated until recent times, the establish- 
ment of genotypes differing in their rela- 
tive resistance to disease can be expected. 
If these could then be brought together 
at a central quarantine station, preferably 
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on .n isolated island, together with all 
the strains of the viruses known to affect 
them, the potentialities for resistance 
could be rapidly determined. Breeding 
programs could then be initiated, per- 
haps at an equally isolated breeding sta- 
tion, which should result in the develop- 
ment of improved and resistant commer- 
cial varieties. 

A second promising method and one 
which circumstances may force into use 
is control by the use of protective inocu- 
lations with mild strains. The quarantine 
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station would be the ideal place for such 
testing since mild strains from far re- 
moved places might well be more efficient 
than those native to a given area. 

The movement of insect pests and as- 
sociated diseases can be expected to in- 
crease. The problem is clearly an inter- 
national one requiring multilateral ac- 
tion and would appear to be a suitable 
function for the plant protection section 
of United Nations Food and Agriculture 
Organization. 





Laboratory Studies on the Toxicity of Thirteen 
Insecticides to the Tobacco Hornworm! 


F. E. Guturtie, North Florida Experiment Station, Quincy 


Since the advent of the chlorinated hy- 
drocarbon insecticides, the following com- 
pounds have been reported by various 
workers as being effective against the 
tobacco hornworm, Protoparce sexta 
(Johan.): toxaphene, TDE, DDT, CS- 
708, methoxychlor, parathion, Metacide, 
dieldrin, aldrin, and endrin. There has 
been much difference of opinion concern- 
ing these compounds—in some cases one 
or more workers reported that a material 
was very good while others obtained prac- 
tically no control. CS-708, toxaphene, and 
TDE have undergone the most extensive 
field and laboratory testing, and the latter 
two have been used commercially for 
several years. The use of toxaphene was 
sharply curtailed when it was found that 
an undesirable flavor was imparted to 
treated tobacco of certain types. Endrin 
has recently been shown to have certain 
advantages over the insecticides presently 
recommended. Laboratory tests were 
undertaken in 1953 in order to evaluate 
the comparative toxicity of insecticides 
against the tobacco hornworm and to 
help explain some of the discrepancies 
regarding the effectiveness of certain of 
these materials. 

Review or LirerRATURE.—Markovitch 
& Stanley (1942) gave LD-50 values 
(micrograms/gram) for a group of inor- 
ganic insecticides applied as stomach 
poisons to tobacco hornworms. These 


values ranged from 15 micrograms for 
Paris green to 230-420 micrograms for 
sodium fluosilicate. Stanley (1950) re- 
ported laboratory data which suggested 
approximate LD-50 values (micrograms 
/gram as stomach poisons) for 2nd and 3rd 
instar larvae as follows: dieldrin, 9; lin- 
dane, 19; TDE, 41; CS-645A, 47; and 
DDT was relatively non-toxic at 500 
micrograms. Dominick (1951) showed 
toxaphene, TDE, and CS-708 to be effec- 
tive against tobacco hornworms under field 
conditions. Allen et al. (1953) presented 
data showing that endrin compared favor- 
ably with CS-708 and TDE on horn- 
worms and had the advantage of quicker 
action. 

Meruops.—Between June and October 
approximately 7,000 tobacco hornworm 
larvae were collected from tobacco fields 
which were either untreated or were 
known not to have been treated for at 
least 2 months, placed singly in ventilated 
l-pint ice cream cartons, and brought 
into the laboratory for treatment. All 
larvae were treated within 24 hours, and 
those held overnight were fed while await- 
ing treatment. Most of the larvae were 
collected in the morning and treated in 
the afternoon. 

The larvae were arbitrarily divided into 
three size groups for treatment—small, 

Paip Paper. 


1 Florida Agricultural Experiment Station Journal Series, 
No. 255. 
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Table 1.—LD-50 and LD-90 values (expressed as micrograms/larva), and the ratio of the LD-59 
values to those of endrin, of insecticides applied to three size groups of the tobacco hornworm. 








Topica. SToMACH 





Small Large Small — 


Large "Medium: 





Ratio of Ratio of Ratio of Ratio of 

LD-50 LD-50 LD-50 LD-50 
LD- to LD- LD- to LD- to LD- LD- to LD- 

MATERIAL 50 Endrin 90 Endrin 90 ‘ 50 Endrin 90 





Endrin 42 0 219 2.9 1.0 
Parathion 52 A 183 9.9 3.4 
Isodrin 87 1 400 7.6. 304 


Lindane 206 -9 1,235 — — 209: 
Malathion 481 ‘ 1,276 61 21 . 3. 355 36 
Dieldrin 482 .5 2,589 — — - — — — 
Aldrin 487 ; 1,359 — — — <n = 
Heptachlor 1,058 5 4,005 —- — - — — 
Toxaphene 1,363 by 5,778 82 ll 138 < ¢ 2 143 14.5 

Q-137 1,393! 33 4,423 176! 61 1,060 § 405 1,622? 164 5,371 
CS-708 1,595 bh 5,689 — — — _ 656! 66 11,800 


TDE 2, 622 63 9,813 3761 130 2,620 367 878 89 3,192 22.51 205 58 
DDT ))4,000 ))100 — 2,334 805 9,897 ;: 1,342 4,416! 446 28,040 = 158! 1,436 1,195 


(8% at 4,000 microgr.) 





1 Based on three dosage levels (others, four or more). 
2 Based on two dosage levels. 


medium, and large. The average weight was provided for 24 to 48 hours. When 
per larva, determined for 50 larvae repre- the entire leaf section was consumed, 
sentative of each size group, was as fol- usually within 24 hours, untreated tobac- 
lows: co was introduced. In a few cases, where 
the treated section was not completely 
Weicut iv Grams consumed within 48 hours, the larvae 
were discarded. 
Basasd ann? nant arssien In both series of tests the treated in- 
Small f 6-1, 2ndand$rd__—s sects were examined daily for 6 days and 
Medium 2-4. 3rdand 4th —_— fresh food provided to those larvae which 
Large , sate 5th were not moribund or dead. Control 
larvae were given comparable dosages 
In the contact poison tests, individual of solvent or solvent-treated leaf sections. 
larvae were treated by delivering a meas- Worms which appeared to be diseased or 
ured drop of insecticide in dioxane solu- parasitized were eliminated from the 
tion to the dorsum of the first thoracic seg- _ records. 
ment with a 0.25-ce. tuberculin syringe, From 30 to 50 larvae were used at the 
the plunger of which was actuated by a various concentrations for the determi- 
micrometer caliper (Trevan 1922). If in- nation of dosage-mortality data. Four or 
secticides were sufficiently soluble, 1 mm.’ more points were determined to calculate 
of solvent was applied, but if large doses each LD-50 value, with a few exceptions. 
were required and the compounds were The average percentage mortality for 
not sufficiently soluble, a maximum of 4 each concentration was converted to pro- 
mm.’ was applied. All materials were es- bit mortality (Bliss 1935), and the adjust- 
sentially pure chemicals except toxa- ment was made for natural mortality 
phene, heptachlor, and CS-708 which (Abbott 1925). The coefficient of correla- 
were of technical grade. After treatment tion and the regression equation were 
the insects were returned to the cartons, derived (Hayes & Garber 1927), and the 
supplied with untreated tobacco, and calculated LD-50 and LD-90 values were 
placed in a post-treatment room. obtained for each size group. Points ob- 
In the stomach-poison tests, a meas-_ served and calculated lines were within 
ured drop of insecticide was placed on a__ reasonable agreement in most cases. 
1-cm.®-piece of tobacco leaf, the solvent ReEsutts AND Discussion.—The LD-50 
allowed to evaporate, and the treated and LD-90 values, expressed as micro- 
leaf section introduced into a carton con- grams per larva, for the three size groups 
taining an untreated larva. No other food and the ratio of the LD-50 values com- 
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Fig. 1.—Dosage mortality curve of insecticides applied topicaily to 5th instar tobacco hornworms. 
Dilan is used to designate CS-708 and perthane for Q-137. 


pared to endrin are shown in Table 1. 
A typical dosage-mortality curve for 
topical application made to 5th instar 
larvae is shown in figure 1. 

Endrin was the most toxic of the com- 
pounds, both as a contact and stomach 
poison, and parathion and isodrin were 
hearly as toxic. Lindane, malathion, 
dieldrin, and aldrin were somewhat less 
effective. Toxaphene gave variable results 


according to the size of the larva and 
action of the poison but in general was 
about as toxic as malathion. Heptachlor, 
Q-137, CS-708, TDE, and DDT were 
considerably less effective than the other 
compounds tested. 

In general, endrin was about 2-3 times 
as effective as parathion and isodrin, 30 
times as effective as toxaphene and mal- 
athion, 50 times as effective as CS-708 
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and 75 times as effective as TDE. 

All compounds were more effective as 
stomach poisons than as contact poisons, 
with the exception of lindane, Q-137, 
and possibly malathion. There was a 
decreasing toxicity corresponding with 
increasing size of larvae, except with 
toxaphene. 

Although no calculations were made of 
the speed of action, parathion and mala- 
thion were apparently the fastest in ac- 
tion; isodrin, endrin, aldrin, lindane, and 
CS-708 were intermediate; and TDE, 
DDT, dielderin, Q-137, heptachlor, and 
toxaphene were the slowest acting of this 
group. 

From these data it appears that endrin, 
parathion, and isodrin are very toxic to 
hornworms. Parathion has been shown to 
be relatively ineffective in the field 
(Stahl 1949, Chamberlin 1950), probably 
due to its short residual action. The 
data also show that whereas TDE and 
toxaphene may give good results on small 
worms, they are much less toxic to large 
worms. Toxaphene is considerably the 
more effective as a stomach poison, prob- 
ably explaining its usefulness in the field. 
The fact that TDE has given good con- 
trol of hornworms in the shade-grown 
tobacco district of Florida is probably due 
to the added effect of parathion in the 
recommended weekly applications of 1 
per cent parathion and 10 per cent TDE. 
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Although TDE by itself has repeatedly 
been reported as giving good contro! in 
the field, these data indicate that other 
materials are much more toxic, especially 
against large worms. 

Although isodrin is slightly less toxic 
than endrin, it shows promise for horn- 
worm control, especially if endrin resi- 
dues become a problem. Isodrin is a much 
less persistent material than endrin, and 
it is expected that the residue would 
largely disappear during curing. 

SumMARY.—The toxicity of 13 insecti- 
cides against the tobacco hornworm was 
compared in the laboratory. The LD-50 
and LD-90 values were determined both 
as topical applications and as stomach 
poisons against three sizes of larvae. As 
contact poisons the order of toxicity was 
in general as follows: endrin, parathion, 
isodrin, lindane, malathion = dieldrin = al- 
drin = toxaphene, heptachlor, Q-137, CS- 
708, TDE, and DDT. As stomach poisons, 
the order of toxicity was as follows: en- 
drin, parathion, isodrin, lindane, toxa- 
phene, malathion, CS-708, TDE, Q-137, 
and DDT. Endrin and isodrin were 20 
to 80 times more toxic than materials 
which have been recommended for horn- 
worm control and seem worthy of further 
studies in the field. Parathion and mala- 


thion gave the quickest kills. Endrin and 
isodrin were also fairly rapid in their ac- 
tion. 
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Further Studies of Synergism Between 
Nicotine and Pyrethrum 


NEELY Turner,! The Connecticut Agricultural Experiment Station, New Haven 


Results of preliminary tests indicating 
that nicotine and pyrethrum applied 
jointly show evidence of synergism have 
been published (Turner 1951). The in- 
secticides were applied by injection to 
adults of the large milkweed bug, Onco- 
peltus fasciatus (Dall.). In three of the 
four tests the combination of pyrethrum 
and nicotine produced a higher mortality 
than expected on the basis of similar ac- 
tion, sufficient evidence for synergism 
according to Wadley (1945). In a test in 
which lots of bugs were injected with nico- 
tine followed by pyrethrum at daily inter- 
vals, a high mortality occurred when 
pyrethrum followed nicotine in 24 hours. 
Intervals of 2 to 4 days between the two 
resulted in a substantially lower mortality. 
When pyrethrum was injected first, and 
nicotine from 1 to 4 days later, mortality 


was no larger than from pyrethrum alone. 

Hewlett & Plackett (1952) have inter- 
preted these same data on the basis of 
similar action, and Beard (1952) has 
noted, correctly, that the results of the 
multiple injection test could be additive 
and not synergistic. 

Turner and Bliss (1953) extended the 
study by using the dipping technique on 
Triboleum castaneum Hbst. When the 
two materials were applied simultaneous- 
ly, there was no evidence of synergism. 
When the application of nicotine was fol- 
lowed by pyrethrum hour later, the 
evidence for synergism was strong. 

Because of the importance of the con- 
cept of synergism, a further study of the 
joint action of nicotine and pyrethrum 


1 The assistance of Mrs. Nancy W. Wheeler and Mrs. Joan T. 
Curtiss is gratefully acknowledged. 


Table 1.—Summary of results of injection of large milkweed bugs with nicotine and pyrethrum 


applied singly and jointly. 








SEPARATE APPLICATIONS 
(Per Cent) 


Joint APPLICATIONS 
(Per CENT) 





Nicotine! Mortality? Pyrethrum'! Mortality? Nicotine! 





; 83 O14 85 
28 75 01 81 
g 58 .007 40 

40 -005 16 


92 


59 
33 


85 
71 
44 
15 


81 
62 
44 
21 


Pyretbrum! Mortality? 





2 .0035 100 
.14 .0025 90 
od .0018 56 
07 .0012 27 


ra -005 98 
.07 .0035 83 
.05 .0025 73 
.035 .0018 54 


14 .007 96 
at .005 98 
.07 .0035 89 
.05 .0025 62 

.0017 47 


14 -0025 92 
ok .0017 71 
.0012 25 
05 .0009 29 
.0006 37 


.007 100 
.005 100 
.0035 90 
.0025 81 
.0017 52 





' Per cent by weight. 


* Each percentage mortality was obtained from 48 insects; 4 lots of 12 each. 
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has been made. Four series of injections 
into adults of the large milkweed bug 
were completed, using the two materials 
alone and jointly in five different ratios. 
In each test there were four lots of 12 
bugs injected with each dosage. The re- 
sults of these tests are summarized in 
table 1. 

If synergism is present, the mortality 
following a joint application must be 
significantly greater than that predicted 
for other types of joint action, based on 
the separate dosage-mortality curves for 
the two materials used alone. Bliss (1939) 
considers the other types to be similar and 
independent joint action. Similar joint 
action is the simpler of the two to test. 
From the parallel log-dosage-mortality 
curves of the two ingredients, relative 
toxicity can be determined. Given this 
factor, the dosage of mixtures can be 
converted into units of one of the two com- 
ponents, and the mortality “predicted” 
from the curve for that component. 
Wadley (1949) has described a graphic 
method for comparing this predicted mor- 
tality with that observed from the joint 
application. 


Table 2.—Calculation of the data in table 1 by 
the method of Wadley (1945). 




























































Nicotine ‘Tora. MortTALitTy 
PER Equiva- PER 
CENT LENT OF CENT Ex- Ob- 
Nicotine PyreturuM NIcoTINE pected served 
2 .104 .304 75 100 
.14 .072 .212 58 90 
3 .050 15 40 56 
07 .035 .105 24 27 
fi 147 247 66 98 
07 .104 .174 48 83 
.05 .072 . 122 31 73 
035 .05 .085 16 54 
14 .165 .305 88 96 
sa 118 .218 70 98 
07 .083 158 44 89 
.05 .058 .108 21 62 
035 040 .075 6 47 
.14 .076 .216 46 92 
of .053 .153 23 71 
.07 .037 .107 8 25 
05 .026 .076 Q 29 
.035 O18 .053 0.3 37 
a . 256 .356 76 100 
07 .179 249 56 100 
05 .125 175 35 90 
035 .088 .123 17 81 
025 061 .086 5.5 52 
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Preliminary examination of the data 
in table 1 was made by obtaining the nico- 
tine equivalent of pyrethrum and inter- 
polating on the nicotine curve for the 
“expected” mortality (Table 2). Compari- 
son with observed mortalities showed sub- 
stantial differences in favor of the ob- 
served, except in the lowest dosage of the 
first test. In this test the curve for the 
mixture plotted according to nicotine 
equivalents was not parallel with the curve 
for nicotine. The two would intersect at 
about probit 4.00 (16 per cent mortality), 
and at a dosage of .06 per cent nicotine. 
Obviously the closer the dosage used to 
the point of intersection, the lower the 
difference between the two would be. 
The reason for this lack of parallelism 
is unknown. The curves for the other four 
combinations were parallel with the curve 
for nicotine. Curves for the four other 
combinations yielded the following log 
ratios: 


Test No. Log Ratio 
Ib 4 
2 24 
3 23 
4 48 


The log ratios were from 4 to 8 times the 
estimated standard error, and the evidence 
for synergism very strong. Turner & Bliss 
(1953) found that in some cases independ- 
ent action would result in higher mortality 
than similar action. The differences were 
not great, however, and there seemed to 
be no reason to make a more thorough 
statistical study. 

Errect OF Ratio or NICOTINE 10 
PyreturuM.—The basic design of these 
experiments can be seen by an examina- 
tion of the dosages in table 1. A dosage 
of nicotine was chosen such that it would 
produce mortality equal to that of a given 
dosage of pyrethrum. The factor \/2 was 
used to construct a dosage series of each 
toxicant. The combinations were selected 
from the lower dosages of the materials 
used alone, because synergism was postu- 
lated. Since the mortality from the ma- 
terials used alone was not always equal, 
the dosage ratios in the combinations 
were not exactly as planned. Perhaps the 
clearest way to show the relationships 
is by means of the equivalent dosages 
shown in table 2. When these combina- 
tions were plotted according to the nico- 
tine equivalents, and compared with 
curves for nicotine alone, the results were 
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Table 3.—Summary of results of injection of large milkweed bugs with nicotine and pyrethrum 








— 
—_—— 


applied separately and jointly. 


SEPARATE APPLICATIONS 
(Per CENT) 


Jomnt APPLICATIONS 
(Per CENT) 





Mortality! Pyrethrum 


Nicotine 


Mortality! 


Nicotine Pyrethrum Mortality! 





98 .014 79 
.28 87 -O1 54 
A 73 .007 35 
14 52 -005 19 


90 .014 92 
81 .O1 67 
42 .007 42 
46 -005 27 


-0035 62 
.0025 27 
-00175 12 
-00125 6 


-025 

-0175 
-0125 
.0088 


0025 50 
-00175 21 
-00125 6 
* .00088 2 


035 
-025 
-0175 
-0125 


i .0035 96 
.07 0025 87 
.05 -00175 50 
-035 -00125 46 


-00125 88 
.000875 

-000625 2 
.000438 12 


.175 
- 125 
-0875 
-0625 


-0025 

00175 71 
.00125 54 
.00088 


-165 
-115 
-0825 
-0575 





1 Each percentage mortality was obtained from 48 insects; 3 lots of 16 each. 


as follows: 

Degree of Synergism 
on Basis of 
Nicotine 
2.0? 


Ratio of Nicotine 
to Pyrethrum' 
2:1 
1:1.5 , 
1:1.18 .95 
2:1 ? 
1:2.56 

Basis of nicotine equivalent. 

At highest dosage (curves not parallel). 

Thus when the ratio of nicotine was 2 
to 1 (on an equivalent toxicity basis) 
the dosage required was about half that 
estimated on the basis of similar action. 
The range of ratios in this test was not 
very large, but the highest degree of 
synergism occurred when there was about 
28 per cent nicotine in the mixture (ratio 
1:2.56). 

In order to extend the range of ratios, 
another test was made. On the basis of 
curves drawn for all the data for nicotine 
and pyrethrum applied separately in 
table 1, dosages were selected to provide 
the following ratios: 

Nicotine Pyrethrum 
10% 90% 
25 75 
50 50 
75 25 
90 10 


All the calculations were based on dos- 
age for equal control. Because synergism 
was expected, the amounts in the highest 
dosage of each ratio were scaled down to 
provide mortality less than 100 per cent. 
The results of the test have been sum- 
marized in table 3. 

The data for nicotine and pyrethrum 
applied separately were used to calculate 
the amount of nicotine in terms of pyre- 
thrum, and the observed mortality of the 
mixtures plotted on the logarithmic prob- 
ability grid. The degree of synergism was 
determined by dividing the amount of 
pyrethrum required to produce 50 per 
cent mortality by the amount in equiva- 
lent of the mixture to produce the same 
effect. The results were as follows: 

Degree 

Ratio of 
Nico- Pyre- Nico- Pyre- Syner- 
tine thrum tine thrum gism 
025 0085 10 90 1.73 
035 0025 25 15 1.76 
1 0035 50 50 2.44 


165 0025 15 25 1.7 
175 00125 90 10 1.2 


Thus the degree of synergism was largest 
when the two materials were used in 
what were calculated to be equitoxic 
dosages. Synergism from three other 


Concentration 
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ratios was about equal, and when 90 per 
cent nicotine and 10 per cent pyrethrum 
were combined, there was little evidence 
of synergism. These results do not con- 
form entirely to those of the test reported 
on page 221. The importance of this dis- 
crepancy cannot be determined from the 
data at hand. 

Sakai et al. (1951) and Sakai et al. 
(1951) have published results of tests on 
Drosophila and on aphids using pyrethrum 
alone, nicotine alone, and the two mixed 
in a series of 9 mixtures varying from 90 
per cent nicotine and 10 per cent pyre- 
thrum to 10 per cent nicotine and 90 per 
cent pyrethrum. On Drosophila they found 
a “potency” of almost 2 when the mixture 
contained 80 per cent or 90 per cent pyre- 
thrum and 20 per cent or 10 per cent nico- 
tine. There was no synergism or actual 
antagonism when the amount of nicotine 
exceeded 30 per cent. On aphids mixtures 
containing 50 per cent or more of pyre- 
thrum were synergistic, with a “potency” 
of 2 when there was 60 per cent to 80 per 
cent pyrethrum. Their “potency” was 
obtained by dividing the percentage mor- 
tality observed by the mortality expected 
on the basis of similar action. 

Such a “potency” could be calculated 
from table 3, but would be more accurate 
on the basis of probits than of unconverted 
percentages. In any case, the results ob- 
tained on milkweed bugs do not conflict 
seriously with those of Sakai et al. (1951). 

Errect oF INTERVAL BETWEEN Ap- 
PLICATIONS.—In tests reported previously 
(Turner 1951), there was an indication 
that nicotine ‘“‘conditioned” the insects 
for pyrethrum. An experiment was de- 
signed to provide further data on this 
possibility. Fifty adult milkweed bugs 
were injected with .14 per cent nicotine 
and .0035 per cent pyrethrum. Eight 
lots of 50 insects each were injected with 
.14 per cent nicotine, and eight with .0035 
per cent pyrethrum. At intervals of 6, 24, 
48 and 72 hours after the first injection, 
one lot previously injected with nicotine 
was treated with pyrethrum and vice 
versa. At intervals of 6, 24 and 48 hours 
after the first injection, one lot previously 
injected with nicotine was treated again 
with nicotine, and pyrethrum was injected 
into bugs previously treated with pyre- 
thrum. A count of total mortality was 
made six days after the first treatment. 
The results are given in table 4. The mor- 
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tality from .14 per cent nicotine was 20 
per cent, and from .0035 per cent pyre- 
thrum, 14 per cent. The two applied simul- 
taneously produced 98 per cent mortality, 
When nicotine was followed by pyre- 
thrum in 6 hours, mortality was 96 per 
cent, and longer intervals between treat- 
ment reduced mortality consistently, 
When pyrethrum was followed by nicotine 
in 6 hours, the mortality was only 72 per 
cent, and at longer intervals mortality 
was about additive. 

Nicotine followed by nicotine within 
6 hours produced a higher mortality than 
delay of 24 and 48 hours. This mortality, 
68 per cent, was about as expected from a 
dosage of 0.28 per cent nicotine (Table 1). 
This effect was lost to a large extent after 
24 hours, which would indicate a sub- 
stantial recovery from the effects of nico- 
tine within that period. 


Pyrethrum followed by  pyrethrum 


produced about the same mortality re- 
gardless of the length of time between 
treatments. The mortality was, however, 


Table 4.—Effect of time between injection of 
nicotine and pyrethrum, large milkweed bugs. 








INTERVAL 
BETWEEN 
TREATMENTS 


Per CENT 
Mortatity 





.14 per cent followed by .0035 per cent 
nicotine pyrethrum 
0 98 
6 hrs. 
24 hrs. 
48 hrs. 
72 hrs. 


.14 per cent nicotine 
- 14 per cent 


nicotine 
98 


.0035 per cent followed by 


pyrethrum 


6 hrs. 
24 hrs. 
48 hrs. 
72 hrs. 


0035 per cent pyre- 
thrum only 
.14 per cent followed by —_.14 per cent 
nicotine nicotine 
6 hrs. 68 
24 hrs. 43 
48 hrs. 33 


.0035 per cent .0035 per cent 
pyrethrum pyrethrum 
6 hrs. 42 
24 hrs. 48 
48 hrs. 40 


followed by 
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Table 5.—Summary of results of injection of large milkweed bugs with nicotine and allethrin ap- 


plied singly and jointly. 





—— 





SEPARATE APPLICATIONS 
(Per Cent) 


JoINT APPLICATION 
(Per Cent) 





Allethrin 


icotine 


Mortality! 


Mortality! 


Nicotine Pyrethrum Mortality! 





4 90 
.28 67 
2 58 
14 23 


.07 96 
.05 71 
.035 60 
.025 31 


oI 025 
07 .018 
05 .013 37 
.035 .009 25 
-025 -006 8 


94 
58 





1 Each percentage mortality was obtained from 48 insects; 4 lots of 12 each. 


far higher than anticipated on the basis 
of relatively quick recovery from pyre- 
thrum. 

There is undoubtedly a different reac- 
tion when nicotine is followed later by 
pyrethrum and pyrethrum followed by 
nicotine. Perhaps it is simply the result 
of a different rate of detoxification of the 
two materials in the body of the insects, 
as postulated by Turner & Bliss (1953). 
Nicotine obviously persists longer than 
pyrethrum, as evidenced by the decrease 
in toxicity when nicotine was followed 
by nicotine, and the persistence of high 
toxicity for 24 hours when nicotine was 
followed by pyrethrum. 

No explanation of the toxicity of pyre- 
thrum followed by pyrethrum can _ be 
given. Mortality seems as large as would 
be expected if the dosages were additive 
for as long as 48 hours. It is also higher 
than expected if each injection killed 
only 14 per cent of the insects. 

Errect oF NIcOTINE ON TOXICITY OF 
ALLETHRIN.—One test for synergism be- 
tween nicotine and allethrin was com- 
pleted. The method and design of the 
experiment were very similar to the tests 
using pyrethrum. The results have been 
summarized in tables 5 and 6. There was 
obviously good evidence for synergism. 
When calculated by Wadley’s (1949) 
method, the slope was 5, and the log ratio 
0.21, with a standard error of 0.05. The 


degree of synergism was about 1.5, or 
substantially less than between nicotine 
and the pyrethrins. The fact that syner- 
gism occurred is not at all unexpected 
because allethrin is very closely related 
chemically to the active principles in 
pyrethrum. 

Discussion AND SuMMARY.—The re- 
sults of the tests reported here confirm 
those of preliminary tests (Turner 1951) 
which indicated that nicotine and pyre- 
thrum applied jointly showed evidence 
of synergism. The degree of synergism 
varied from almost 2.0 to 3.0 on the basis 
of the amount required to produce equal 
mortality. The greatest degree of syner- 
gism resulted when 1 part of nicotine was 
combined with 2.56 parts of pyrethrum, 
the “parts” being measured by the 
amount necessary to produce equal mor- 
tality. 

In a test of a wider range of ratios be- 
tween nicotine and pyrethrum, a 50-50 
mixture produced the highest degree of 
synergism. Least synergism resulted from 
a combination of 90 per cent nicotine 
and 10 per cent pyrethrum. 

In four out of five tests, the dosage- 
response curves for nicotine and pyre- 
thrum combined, based on nicotine equiv- 
alent, were parallel with curves for the 
separate ingredients. 

Results of tests in which the interval 
between injection of the two materials was 


Table 6.—Calculation for Synergism from Data in Table 5 (Wadley 1945). 
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varied indicated that the toxicity of pyre- 
thrum following nicotine was greater 
than of nicotine following pyrethrum. 
Toxicity of nicotine following nicotine 
was clearly additive in 6 hours, and de- 
creased rapdily at 24 and 40 hours. Toxic- 
ity of pyrethrum following pyrethrum 
seemed stable regardless of time between 
treatments. Further work will be neces- 
sary to clarify the reason for this. The 
former conclusion (Turner 1951) that 
nicotine “conditioned” the insects for 
pyrethrum is apparently incorrect. The 
results can be explained just as well on 
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the basis of a longer period of effectiveness 
for nicotine. 

These tests were not designed to show 
the reasons for the synergism between 
nicotine and pyrethrum. It seems ob- 
vious, however, that it is not the result 
of negative correlation of susceptibility 
to the two materials (Plackett & Hewlett 
1948). Mortality was far larger than 
could be accounted for by this theory, 

As might be expected, there was evi- 
dence of synergism between nicotine and 
allethrin. 
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Oviposition by the Poultry Bug 


Rosert D. Leg, Department of Entomology, School of Tropical and Preventive Medicine, 
Loma Linda, California 


Populations of the poultry bug, Haema- 
tosiphon inodorus (Duges),' may reach 
large numbers in a relatively short neriod 
of time as pointed out in a previous paper 
(Lee 1954). Records of 1,425 and 1,778 
bugs taken from two barn owl nests were 
given. Townsend (1893) also mentioned 
that this species may increase to great 
numbers in poultry houses. The oviposi- 
tion study presented here was made be- 
cause this insect is of interest to poultry 
raisers in certain sections of the southwest- 
ern United States and because a knowl- 
edge of the potential population is im- 
portant in control of this pest. 

Oviposition PorentIAL.—Last instar 
nymphs were fed and separated into indi- 


vidual vials so that the sexes would re- 
main separate when the nymphs emerged 
to the adult stage. As the adults emerged, 
a male was placed with a female; each 
pair was kept separate from other pairs 
by putting them in vials, 2 inches high 
by 0.5 inch in diameter. A strip of blotting 
paper the length of the vial was placed 
inside the container to support the bugs 
and to allow the female a suitable place 
on which to lay eggs. Eggs may be laid 
on the glass bottom of the vial by females 
not being supported by the paper; how- 
ever, the paper strips greatly aided in the 
collection and counting of eggs. Clean 


(Hemiptera: Cimicidae. 
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Table 1.—Egg laying by single pairs of Haematosiphon inodorus (Duges) at 25.5 to 29° C. and 58 to 


64 per cent relative humidity. 
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1x indicates date female died. 


strips of paper were used after each col- 
lection of eggs was made. Nylon cloth 
having 85 by 67 threads per inch was 
used to cover the container; the bugs 
were able to feed through the cloth on 
chickens. 

The insects were allowed to feed on the 
day they were paired; they were also given 
the opportunity to feed 48 hours after 
having been placed together. This gave 
a second chance to feed to those which 
had refused the first meal. Thereafter, 
each pair was allowed to feed every fourth 
day. All experiments presented in this 
paper were conducted at 25.5° to 29° C. 
and 58 to 64 per cent relative humidity. 

Because a study was being conducted 
simultaneously on other phases of the 
life history of Haematosiphon inodorus, a 
large number of individuals were not 
available for this experiment. However, it 
is felt that the data gathered from the 
pairs used may be studied statistically to 
at least show the trend in the egg produc- 
tion of this species. Methods and formulae 
discussed by Cazier and Bacon (1949) 
were used in this paper. 

Fifteen males were paired with as many 
females as described above. The eggs were 
counted every 48 hours after pairing, and 
the number of eggs laid was recorded 
as in table 1. Only normal appearing 
eggs were counted; a few shriveled egg 
shells were seen but not included in the 
count. 

The average number of eggs laid per 


day is based on the time from the first 
day of oviposition to the day of death of 
the female. It has been found from pre- 
vious study that males live longer than 
females; the shorter life span of the fe- 
male is undoubtedly due to her egg lay- 
ing. The average number of eggs laid 
per day was 4.43+2.51 eggs. 

Out of 76 eggs used in the life history 
study mentioned above, 72 eggs, or 94.7 
per cent, hatched. Of the 72 first instar 
nymphs which hatched, 41 individuals, 
or 56.9 per cent, reached adulthood. 
Therefore, 53.9 per cent of the 76 eggs 
used eventually became adults. It is 
obvious that a poultry house or other suit- 
able habitat might, under proper condi- 
tions, soon become infested with large 
numbers of this species. 

AUTOGENIC Repropuction.—That 
Haematosiphon inodorus is capable of 
autogenic reproduction was shown by the 
following experiment. Fourteen adult 
males and 14 adult females, each of which 
had molted to the adult stage in a sepa- 
rate vial, were put together into one large 
vial. The bugs were not allowed to feed, 
and the vial was checked each day for 
eggs. On the fourth day after the experi- 
ment was begun, 11 eggs were laid; on 
the fifth day, 1 egg was laid. No more 
eggs were laid; all the females died 
shortly therafter. Ten of the 12 eggs 
hatched. Indications are that it is possible 
for inseminated H. inodorus females to 
lay fertile eggs using the nutrition stored 
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in the body before the last molt. 

INSEMINATION NEEDED For Oviposi- 
TIoN.—Adult females must be insemi- 
nated to lay eggs. Eight females, which 
had molted to adults in individual vials 
within 48 hours, were placed together and 
fed. No males were admitted to the con- 
tainer. The group was allowed to feed 
and was checked for eggs every second 
day. Sixteen days after the experiment 
started, one female was found dead. Dur- 
ing the time the females were kept sepa- 
rate from males, no eggs were seen; al- 
though as indicated in table 1, fed females 
in the presence of males laid eggs within 
4 to 10 days after having been paired with 
males. Eggs were laid by the fourth 
day even by females in the experiment on 
autogenic reproduction. 

Twenty-five days after the experiment 
started, seven well-fed, adult males were 
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paired with the females and put in vials, 
each containing a male and female. The 
vials were checked each 48 hours. Four 
days after having been paired with males, 
five of the seven females each laid an 
average of 6.4 eggs. On the eighth day 
after having been put with males, the 
other two females laid two eggs and one 
egg respectively. 

SuMMARY.—Because of a substantial egg 
output, 4.43 eggs per day per female, and 
because of a good percentage of adults from 
eggs layed, 53.9 per cent, populations of 
Haematosiphon inodorus (Duges) can be 
expected to reach high numbers under 
suitable conditions. It is possible for in- 
seminated female adults to reproduce 
without having had a blood meal since the 
last molt. It is impossible for adult fe- 
males which have not been inseminated 
to lay eggs. 
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Further Studies on the Treatment of Border Vegetation 
for Melon Fly Control! 


Tosuiyuki Nisuipa,? University of Hawaii, College of Agriculture, Agricultural Experiment Station, Honolulu 


The basis for the treatment of border 
vegetation as a means of controlling the 
melon fly, Dacus cucurbitae Coq., lies in 
the behavior of the insect (Nishida & Bess 
1950). Gravid flies were found to enter the 
field to oviposit during the day and did 
not remain among host crop plants for 
any extended period of time. Further- 
more, the greatest number of flies capable 
of damaging the crop was found not with- 
in the field, but outside the field among 
wild vegetation. As a consequence, it was 
reasoned that control might be obtained 
if treatment were applied to the wild 
plants with which the adults are closely 
associated rather than to the crop to be 
protected. That such treatments are effec- 
tive was shown by applying insecticides 
on border vegetation by means of a mist 


blower (Nishida & Bess 1950, Ebeling ef 
al. 1953). 

The present study was made to deter- 
mine whether successful control of the 
melon fly can be obtained by applying in- 
secticides with conventional-type sprayers 
on border vegetation. The question of 
whether such equipment could be used 
instead of a mist blower is one of practical 
importance because, if control could be 
obtained, farmers could profitably use 
sprayers already on hand. 

Mertuops.—These experiments were 
carried out in cucumber and tomato fields 
in cooperation with growers who made 
applications with the type of power spray- 

1 Published with the approval of the Director of the Hé awaii 
Agricultural Experiment Station as Technical Paper No. 299. 


2 The suggestions and criticisms of Dr. H. A. Bess and the 
cooperation of growers are gratefully acknowledged. 
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ers which they owned. The sprayers used 
by the farmers were manufactured by 
various companies and differed in their 
capacity to develop pressure and to de- 
liver the spray; however, all equipment 
was capable of developing a pressure of at 
least 250 p.s.i. at the pump and delivering 
5 gallons of spray per minute. 

The border treatments were made by 
directing the spray from the edge of the 
field into the bordering vegetation, usu- 
ally during the early morning hours. The 
insecticides used in all border treatments 
was parathion, a material which is highly 
toxic to the melon fly both as residual and 
space sprays (Ebeling 1953). 

The effectiveness of the treatments was 
based on the percentage of infested fruits 
in the samples taken from various parts of 
the field. The size of the cucumber fruits 
sampled ranged from 3 to 10 cm. in length, 
and that of the tomato fruits 2 to 4m. in 
diameter. The total number of fruits 
ranged from 188 to 3,600. In establishing 
a criterion of damage, all fruits which 
showed any evidence of oviposition punc- 
ture were considered infested regardless of 
whether or not they contained eggs or 
larvae. As a basis for comparison parallel 
data were taken from both border-treated 
fields and the untreated fields designated 
as check fields. The plants in the border- 
treated fields were not sprayed except for 
the control of other pests, for example, 
aphids on cucumber plants and corn ear- 
worms on tomato. 

It was not feasible to use randomized 
field-plot techniques in these experiments 
because of the small size of the available 
fields and the intra-field movements of the 
fly (Ebeling et al. 1953). Rather than sub- 
dividing a field into plots, the entire field 
was considered an experimental unit. The 
use of individual fields as experimental 
units made it necessary to limit the num- 
ber of replications. This limitation, al- 
though inevitable, is an obvious weakness 
in the procedure as there is usually con- 
siderable variation in fly population be- 
tween fields due largely to differences in 
the kind and condition of the vegetation 
present and also to the frequency at 
which susceptible crops were grown in the 
immediate vicinity. However, the fly 
population in any individual field is usu- 
ally high enough to cause appreciable 
damage in the absence of satisfactory 
control practices. 
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EXPERIMENT ON CucuMBERS.—Five 
fields with areas ranging from one-fourth 
to 1 acre were involved in this study. The 
bordering vegetation of two fields, desig- 
nated as fields D and E, was sprayed with 
parathion at a concentration of 1 pound 
of a 25-per cent wettable powder per 100 
gallons of water at intervals of roughly 
twice a week from the time the runners 
appeared up to the time of harvest. Dur- 
ing the harvest period the frequency of 
treatment was reduced to once a week. 

The kind of vegetation bordering these 
two fields was typical of many lowland 
areas on Oahu where cucumbers are 
grown commercially. Field D was _ bor- 
dered on three sides by a corn field. The 
vegetation along the fourth side consisted 
of a narrow strip of miscellaneous weeds 
along a roadside. In field E, a few volun- 
teer corn plants were present, but the 
vegetation bordering it consisted of wild 
plants, chiefly fuzzy rattle-box (Crotolaria 
incana L.,) spiny amaranth (Amaranthus 
spinosus L.) and castor bean (Ricinus 
communis L.). 

The remaining three fields, designated 
as fields A, B, and C in which no border 
treatments were made, were check fields. 
The cucumber plants in these fields were 
sprayed with parathion at a concentration 
of } to 3 pound of a 25-per cent wettable 
powder per 100 gallons of water. The fre- 
quency of application varied from twice a 
day to once every 3 days. 

The infestation data obtained from 
border-treated and control fields are 
shown graphically in figure 1. It is evident 
that the percentage of stung fruits in the 
border-treated fields was considerably 
lower than that in the control fields. In 
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Fic. 1.—Comparison of the infestation of cucumber 
fruits of various sizes between border treated and 


check fields. 
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Fic. 2.—Comparative levels of tomato fruit infesta- 
tion between border treated and check fields during 
January and February, 1951. 


the check fields even the very young fruits 
were infested, but in the treated-field in- 
festation did not take place until the 
fruits were 6 to 7 cm. long. It was ob- 
served that in the check fields where the 
cucumber crop was treated the plants 
showed evidences of insecticidal injury, 
particularly in fields where too frequent 
applications were made. The foliage of the 
injured plants appeared grayish white, 
and the fruiting period of these plants was 
very much shortened. Although no yield 
data were obtained, it was apparent that, 
because of the combined effect of fly dam- 
age and the adverse effect of the insecti- 
cide on the plant, the yield of plants in the 
check fields was less than that in the 
border-treated fields. It should be men- 
tioned, however, that although the data 
show that the percentage of stung fruits 
was as high as 100 per cent in one of the 
check fields, the farmer did not lose that 
proportion of his crop because not all 
fruits decompose when stung and, further- 
more, fruits with oviposition scars are 
marketable even though they are inferior 
in quality. 

EXPERIMENT ON ToMATOES.—The to- 
mato fields in this experiment were bor- 
dered by succulent wild plants favored by 
the melon fly, chiefly fuzzy rattle-box 
(Crotolaria incana L.), Jimson weed 
(Datura stramonium L.), and cocklebur 
(Xanthium saccharatum Wall.). The plants 
along the periphery of the tomato field 
designated as the treated field were thor- 
oughly sprayed with parathion at a con- 
centration of 1 pound of a 25-per cent 
wettable powder per 100 gallons of water 
at intervals of roughly once a week. The 
check fields received no border treatment, 
but the tomato plants were sprayed with 
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DDT at irregular intervals ranging from 
twice a week to once in 10 days. 

At the time this study was initiated 
there were young fruits on the plants, and 
data on infestation were taken before the 
first border treatment and four times 
thereafter from the treated field and check 
field C. Only three records were taken 
from check field B. 

The results presented in figure 2 show 
that prior to the initial treatment 27 per 
cent of the fruits sampled were infested 
in the treated field. The first two treat- 
ments reduced the infestation to 3 per 
cent. The four treatments made there- 
after caused a slight but consistent de- 
cline in the percentage of damaged fruits. 
In check field C, the initial infestation was 
lower than that of the treated field, but 
it showed no decline. In check field B, the 
percentage of infestation declined, but it 
remained consistently higher than the 
treated field. 

At various intervals throughout the ex- 
perimental period, counts were made on 
the number of adults that were seen along 
the border-treated field. On January 17, 
1951, prior to the first treatment, 75 
adults were counted. One week after the 
first treatment only three adults were 
observed. Similar counts made subse- 
quently at various intervals showed that 
up to January 29 the number of adults 
along the 200 feet of border was less than 
four. On January 31 the number suddenly 
increased to 15 adults, but the treatment 
made on the following morning brought 
the adult count down to two. From then 
on, the number of adults observed was 
never greater than two per 200 feet of 
border plants. 

Discussion.—Previous studies have 
shown that effective control of the melon 
fly can be obtained by border treatment 
by means of a mist blower (Nishida & 
Bess 1950, Ebeling et al. 1953). The results 
of this study show that the melon fly can 
also be controlled by the application of a 
suitable insecticide with conventional 
sprayers on wild plants. However, field 
experience as well as experimental work 
thus far has indicated that control cannot 
be obtained when treatments are made on 
the crop to be protected, regardless of the 
type of equipment used. This anomalous 
situation appears to be related to the be- 
havior of the melon fly. 

When insecticides are applied under 
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field conditions, melon flies may acquire 
lethal amounts of the sprayed material in 
two ways; they may acquire such mate- 
rials by the droplets of spray landing on 
their bodies and by their own activities on 
treated surfaces. For example, the flies 
may acquire toxic residues by merely 
walking on treated surfaces. Toxic residues 
may also find entry into the bodies of the 
insect through their feeding habits. Melon 
flies regurgitate droplets of liquid and 
then the same droplets are taken in again. 
It is conceivable that if such actions take 
place on treated surfaces, the flies would 
be poisoned by the contaminated regurgi- 
tated material. Dew drops, honeydew, 
and plant exudations are ingested by 
adults; consequently, insecticides applied 
on plants on which the adults imbibe 
water and feed would be readily ingested. 
The habit of touching surfaces frequently 
with the proboscis might also be an ac- 
tivity by which melon flies may be poi- 
soned by residues. Habits similar to these 
were observed by Boyce (1934) in the case 
of another tephritid fly, Rhagoletis com- 
pleta Cresson. 

The failure to obtain control when crop 
treatments were made was ascribed to the 
inability of the insect to “pick up”’ lethal 
amounts of the treated material (Ebeling 
et al. 1953). The adults which enter the 
field are generally gravid females, and 
they probably enter crop areas only to 
oviposit. Hence, they do not remain con- 
tinuously on crop plants and also do not 
carry on activities such as regurgitating 
and feeding to such an extent on crop 
plants as they do among wild plants. 
Because of these differences in behavior, 
melon flies do not acquire as much of the 
insecticide applied on crop plants as they 
would when applications are made on 
wild plants. 

In contrast to crop treatments, border 
treatments have been found to be very 
effective. The effective control obtained 


by the treatment of wild plants with 
which the adults are closely associated is 
due to the presence of large numbers of 
adults which may be readily killed by 
space action of the sprays applied. Re- 
sidual action is also effective in such 
situations because the adults continue to 
remain in close association with the 
treated vegetation, carrying on various 
activities necessary for their survival, and 
in doing so they acquire toxic residues 
from the sprayed plants. 

SumMARY.—The use of conventional- 
type sprayers instead of the mist blowers 
previously used for border treatments in 
the control of the melon fly was investi- 
gated. In experiments carried out in cu- 
cumber and tomato fields, it was found 
that the melon fly can be controlled effec- 
tively by treating border vegetation with 
parathion at a concentration of 1 pound 
of a 25-per cent wettable powder per 100 
gallons of water by means of conventional- 
type power sprayers. In experiments with 
both cucumbers and tomatoes the border- 
treated fields showed a markedly lower 
percentage of infested fruits than their 
corresponding check fields. 

The ineffectiveness of crop treatment 
as compared to similar treatments on 
wild vegetation has been attributed to 
the behavior of the melon fly. Gravid 
females enter crop areas to lay eggs, con- 
sequently they apparently do not remain 
continuously on crop plants and also do 
not engage in activities such as feeding 
and regurgitating. Therefore, they do not 
acquire lethal amounts of the material ap- 
plied on crop plants. On wild plants, how- 
ever, the adults of both sexes and various 
ages are present in large numbers, and 
there they carry on various activities 
necessary for their survival. Insecticides 
are, therefore, most effective when ap- 
plied on border wild plants because adults 
may be killed by space as well as by re- 
sidual action. 
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Altitude Tolerance of Normal and Infected Insects! 


ARDzZROONY PackcHANIAN,? School of Medicine, The University of Texas, Galveston 


The possibility that exogenous insects 
and their eggs lodged on the surface of 
aircraft may be transported accidentally 
into the United States represents an im- 
portant military and public health prob- 
lem. Several investigators have reported 
finding eggs of insects on the surface of 
aircraft at the end of a flight. Laird re- 
ported that between March and Decem- 
ber 1951, 531 insects (representing 52 
families and 9 orders) were collected from 
111 out of 343 aircraft which arrived at 
Whenuapai Airport, Auckland, from 
abroad. Moth egg masses were likewise 
collected from the exterior of 32 aircraft 
from Fiji, Norfolk Island and Australia; 
these eggs were all viable on collection 
(White & Kirkpatrick 1949; Porter & 
Hughes 1950; Laird 1952). 

The effects of cold on insects under 
normal atmospheric conditions have been 
studied by several investigators. The 
majority agree that temperatures below 
—20° C. for 2 hours are detrimental to 
most insects (Reaumur 1734; Bachmet- 
jew 1901; Duval & Portier 1922; Bodine 
1923; Payne 1926; Luyet & Gehenis 1940; 
Steinhaus 1949; Stemler & Hiestand 
1951.) 

No specific data is available in the lit- 
erature pertaining to the concomitant ef- 
fects of low temperature and correspond- 
ingly low atmospheric pressure on insects 
and their eggs and the relationship of 
these factors to the prevention of the 
transportation of insects and their eggs on 
the surface of aircraft. This communica- 
tion deals with the effects of simultaneous 
low temperature and low atmospheric 
pressure on five species of insects. 

MATERIAL AND Metruops.—Tempera- 
ture and pressure conditions correspond- 
ing to various altitudes were simulated by 
means of a low temperature refrigerator 
with low pressure chamber constructed 
according to our own specifications by 
Scientific Specialties Corporation of Cam- 
bridge, Mass. (Figure 1.) 

The refrigeration unit of the equipment 
is based on the cascade principle, consist- 
ing of two separate but simple systems 
operating at normal pressures with the 
use of capillary tubes and other charac- 
teristics of such a system. It contains a 


one-half horsepower unit in the first stage 
for Freon 22 and a one-third horsepower 
unit in the second stage for ethane. 

The low pressure chamber is mounted 
on top of the base unit. Inside dimensions 
of this chamber are 12X12 X 12 inches. It 
is provided with two _ interchangeable 
doors, one of which contains a thermopane 
window through which the insects, ther- 
mometer, and hygrometer can be seen. 
There is an adjustable vacuum regula- 
tion control. A partial vacuum of about 
30 inches of mercury can be maintained 
in the chamber by means of a vacuum 
pump with automatic pressure regu- 
lating switches. Two separate valves 
are provided which permit dry air or 
room air to enter the vacuum system. 
The chamber can also maintain positive 
atmospheric pressures (15 to 30 pounds) 
at temperatures ranging from +37° C. to 
—85° C. The heater switch mounted 
below the thermostat operates an 80- 
watt heater around the breaker. This is to 
minimize sweating at the low tempera- 
tures and to thaw any ice around the cover 
to facilitate the removal of this after pro- 
longed operation. To obtain extreme tem- 
peratures it may be necessary to switch 
this off. The pressure and temperature of 
the chamber are easily determined from 
gauges placed outside of the chamber on 
the front of the cabinet (Figure 1). 

A small tube, about one-half inch in 
diameter, leads from the left side of the 
cabinet into the chamber. Both ends of 
the tube are provided with stopcocks (a 
metal stopcock outside of the machine 
and glass stopcock inside). This arrange- 
ment is made for the exchange of gases in 
the chamber whenever necessary, and it 
‘ran also be used to check the inside 
vacuum with an_ outside auxiliary 
manometer (Figure 1). 

This unit can be operated indefinitely 
by ordinary 110-volt AC current at — 45°C. 
However, for special experiments, each 
lasting a few hours, temperatures as low 
as —85° C. can be maintained with the 
corresponding reduced pressures as en- 


1 This study was supported by funds provided under Con- 
tract AF 18 (600)-610 with the USAF School of Aviation 
Medicine, Randolph Field, Texas. ; 

2 With technical assistance of Mr. Don Esplin. 
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Fie. 1.—Refrigerator with Stratosphere Chamber, and Accessories. 


6. Interval Timer 
. Auxiliary inlet 7. Vacuum Jar 


1. Oxygen Tank 

9 

8. Door of Chamber 8. Thermometer and 
+ 

5 


. Hygrometer Temp. Control 
. Stop Watch 9. Vacuum Gauge 


countered in the flight of aircraft at 
“standard atmosphere” or stratosphere. 
The overall dimensions of this equipment 
are 49 inches long X23 inches wide X41 
inches high. 

Measurement of humidity within the 
chamber at reduced temperatures and 
pressures was obtained by the use of a 
self-contained animal membrane-type hy- 
grometer (4” 5” X3”). This instrument 
allowed readings of humidity with an 
accuracy of +3 per cent at temperatures 
as low as —45° C. The hygrometer was 
placed inside the chamber and readings 
were taken through the thermopane 
window. 

The chief difficulty encountered in the 
operation of this machine consisted of the 
manipulation of the heavy door which 
contained the thermopane window. This 


13. Vacuum Release 
(dry air) 

14. Vacuum Circuit 
(Toggle Switch) 


10. Vacuum Control 

11. Heater Switch 

12. Vacuum Release 
(Room Air) 


difficulty was solved by the construction 
of another door with adequate insulation 
and vacuum-tight seal which prevents 
frost and heat transfer. The lid of this 
door is fastened with hinges on the top 
of the chamber and can be opened and 
closed quickly and easily. It was con- 
structed by the machine shop at the Uni- 
versity of Texas Medical Branch in Gal- 
veston. 

When the chamber was used for experi- 
mental work, a few small glass jars con- 
taining filter papers were placed in it. The 
air inside the chamber was then evacu- 
ated, and dry air was substituted in order 
to prevent frost inside the chamber. Then 
the chamber and glass jars were cooled 
to the desired temperature, after which 
the door was opened and the insects 
quickly placed in the cooled containers 
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inside the chamber. The door of the cham- 
ber was then immediately closed, and the 
required degree of low pressure was pro- 
duced inside the chamber. The tempera- 
ture and pressure conditions selected for 
each test correspond to various “‘standard 
atmospheres.” After the insects were sub- 
jected to these conditions of low pressure 
and temperature for a given period, dry 
air was introduced into the chamber to 
release the partial vacuum, the door 
opened, and the insects immediately 
removed from the cold container and 
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transferred to a similar container at 
room temperature in order to prevent an 
additional cooling effect on the insects. 
The insects used in these studies in- 
cluded: Triatoma gerstaeckeri (Stal), the 
blood-sucker; Musca domestica L., the 
house fly; Bdellonyssus bacoti (Hirst), the 
tropical rat mite; Aedes aegypti (L.), the 
yellow fever mosquito; and Culex quinque- 
fasciatus Say, the southern house mos- 
quito. All of these were reared in captiy- 
ity. The Triatoma used consisted of vari- 
ous sizes of nymphs and a few adults. All 


Table 1.—The effects of temperature, pressure and time on Triatoma gerstaeckeri. 
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1 The Triatoma used in these experiments were infected with Trypanosoma cruzi. After exposure time, the Triatoma were found 


dead, but the flagellates were still viable and active. 
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Table 2.—The effects of temperature, pressure and time on Musca domestica. 








CONDITIONS IN THE CHAMBER 


Exposure Prriop 





| Negative | Relative 


Temp. | Pressure | Humidity 


EFrrects oN F.iIEs 

Number 

2295 =e EL Te ee ne BBE _ Paralysis 
Dead Survived Noted 





( \Inches Hg.| (per cent) Hrs. 


5. 85-90 4 


0 





90 
90 48 


1 +1 


0 





60-85 4 
85-90 
85-90 24 
90 
90 48 


coerce 





90 
90 
85-90 
85-90 
85-90 












































other arthropods used were adults. 

In each test, from 3 to 28 normal in- 
sects were placed in a glass container. The 
containers were covered with gauze and 
were large enough for the insects to carry 
on their normal activities. Following a 
definite period of exposure to a given tem- 
perature and pressure, the insects were 
removed to room temperature and exam- 
ined about 5 minutes later. After this ini- 
tial examination the insects were observed 
from 1 hour to 2 weeks before they were 
discarded. In some of the experiments the 
insects which were paralyzed were kept 
under observation at 25° C. for as long as 
two months. 

A number of T’riatoma gerstaeckeri were 
infected experimentally with 7 rypanoso- 
ma cruzi and 50 Musca domestica were in- 
fected with Herpetomonas muscae domesti- 
cae. For each test, 3 to 12 insects of each 
species were placed in separate containers 
in the chamber and were exposed to the 
temperature and pressure conditions 
which invariably caused their death. 
After the insects were removed from the 
chamber and it was ascertained that they 
were dead, they were dissected and in- 
testinal material from each insect was 
examined microscopically for evidence of 
active haemoflagellates. 


EXPERIMENTAL Darta’*.—The results of 
these studies are summarized in tables 
1, 2, 3, 4, ‘and 5. Triatoma gerstaeckeri 
exposed to temperatures of —5° C. and 
above, with corresponding negative pres- 
sures, remained viable and resumed their 
normal activities even after 48 hour 
exposure. At —10° C., after 2 hours ex- 
posure, the insects likewise suffered no 
apparent detrimental effects. However, 
when the time was extended from 2 to 
24 hours, 4 out of 20 insects were killed, 
and the majority of the remainder de- 
veloped permanent paralysis. 

Triatoma gerstaeckeri exposed to — 15° C. 
with corresponding negative pressure, 
for 15 minutes, remained viable. When 
this condition was extended to 30 min- 
utes, it resulted in the death of 15 per 
cent and paralysis of 85 per cent of the 
insects. When the same condition was 
further extended to 1 hour, five out of 
six insects were found dead and one had a 
permanent paralysis. When the tempera- 
ture was reduced to — 15° C. with a nega- 
tive pressure of 13 inches of mercury for 


3 In this study the terms “negative pressure” and “Partial 
vacuum” refer to experimental pressures below atmospheric 
pressure at Galveston, Texas. For example, a negative pres- 
sure of 13 inches of Hg is equal to an atmospheric pressure of 
429 mm. or 16.9 inches of Hg. 
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Table 3.—The effects of temperature, pressure, and time on Aedes aegypti. 
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30 minutes or less, the insects remained 
viable. When the length of exposure at 
this temperature was increased to 1 
hour, it produced permanent paralysis 
of some insects. Exposures for 2 hours at 
this same temperature produced the death 
of two-thirds of the insects and permanent 
paralysis of one-third. When the time was 
increased at this temperature to 4 and 
24 hours, all the insects died. A tempera- 
ture of — 20° C., with a negative pressure 
of 14.6 inches of mercury for 30 minutes, 
had no effect on T'riatoma, while at 1 hour 
it produced a permanent paralysis of the 
insects. 

Triatoma exposed to temperatures of 
— 30° C. to —54° C., with corresponding 
negative pressures, were all killed within 
15 minutes (Table 1). In some experi- 
ments, insects were kept at — 15° C. from 
1 to 2 hours without reduction of atmos- 
pheric pressure. Paralysis was produced 
in these insects. Other insects, kept at 
room temperature (+25° C.) in a partial 
vacuum for as long as 24 hours, did not 
manifest any signs of paralysis and 
resumed their normal activities when they 
were taken out of the containers. 


Musca domestica were found to be more 
sensitive to cold and corresponding nega- 
tive pressures than 7'riatoma gerstaeckeri 
(Table 2). These flies remained viable at 
— 5° C. and corresponding negative pres- 
sure for 24 hours. 

At a temperature of —10° C., with 
corresponding negative pressures, the 
flies were still viable at the end of 2 
hours. However, when these exposure 
conditions were extended to 4 hours, 9 
of the 10 insects were found dead, and 
one was paralyzed. 

Aedes aegypti survived at —5° C. with 
a corresponding negative pressure for 
16 hours; when the time was increased 
to 24 and 48 hours at this temperature 
and pressure, a number of mosquitoes 
were found dead, and some were partially 
paralyzed. A temperature of —10° C. 
with negative pressure of 11.5 inches of 
mercury for one hour had no detrimental 
effect on the mosquitoes; when the same 
conditions were extended to 4 and 8 
hours, paralysis in a few of the mosquitoes 
was noted. Temperatures of —10° ©. 
for 12 hours, —15° C. for 2 hours and 
— 20° C. for 30 minutes with correspond- 
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Table 4.—The effects of temperature, pressure, and time on Culex quinquefasciatus. 
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ing negative atmospheric pressures were 
all fatal to Aedes aegypti (Table 3.) 

The effects of reduced temperature and 
pressure on Culex Pak oeaneacat are 
illustrated in table 4. Careful examination 
of the data reve aled that a temperature 
of —5° C. and above, with a correspond- 
ing negative pressure for 24 hours, had 
no ill effects on this mosquito. Exposure 
to — 5° C. from 36 to 48 hours had some 
detrimental effect. Mosquitoes survived 
in —10° C, atmospheric temperature for 
as long as 8 hours. When the time was 
extended to 15 hours at the same tempera- 
tures or —15° C. for 2 hours, —20° C. 
for 1 hour and ° C. for 30 minutes 
with corresponding negative pressures, 
the results were found always to be fatal 
to Culex quinquefasciatus. 

Bdellonyssus bacoti survived in the low 
pressure chamber at a temperature of 
—5° C. for as long as 16 hours. Exposure 
to a temperature of —10° C. with nega- 
tive pressure of 11.5 inches of mercury 
for 8 hours resulted in no detrimental 
effect on mites. When this same tempera- 
ture and pressure was extended to 12 


hours, all the mites were killed. Exposure 
periods for 2 hours at —15° C. resulted 
in a fatality of 50 per cent. Temperatures 
of —15° C. for 5 hours and — 20° C. for 1 
hour with corresponding negative pres- 
sures always were fatal to tropical mites 
(Table 5). 

The survival and death curves which 
plot the time against temperature are es- 
sentially similar for all species studied. In 
all these cases, a sharp inflection in the 
curve was noted between temperatures of 
—10° C. and —15° C. 

The effects of low temperatures and 
reduced pressures on infectivity in two 
species of infected insects can be sum- 
marized as follows: Fifty Musca domestica 
experimentally infected with Herpeto- 
monas muscae domesticae, when exposed 
to a temperature of — 15° C. and a nega- 
tive atmospheric pressure of 13 inches, 
died. Microscopic examination of the dead 
insects revealed the haemoflagellates still 
alive and active. Triatoma gerstaeckeri in- 
fected with Trypanosoma cruzi, and ex- 
posed to a temperature of —44° C. for 1 
and 2 hours, with corresponding reduced 
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Table 5.—The effects of temperature, pressure, and time on Bdellonyssus bacoti. 
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pressure, all died. The flagellates, how- 
ever, remained alive and active within the 
dead insects (Table 1). 

Discussion.—The experimental data 
on hand reveals that temperatures of 
— 20° C. or below for about 2 hours are 
detrimental or lethal to most insects. At 
temperatures —5 to —15° C., with longer 
exposure periods, insects likewise were 
damaged or killed. Obviously there is an 
overlap between minimum and maximum 
of vital, survival, anabiotic and lethal 
temperatures. Multiple aspects of so 
many distinct factors on the one hand, 
and overlapping of ranges on the other, 
make it difficult to define the lethal low 
temperature for insects (Luyet & 
Gehenis 1940). 

In the standardization and definition of 
thermal death point or lethal temperature 
usable for comparative studies and for 
determination of lethal cold coefficients of 
various insects, several important factors 
must be taken into consideration, i.e., the 
species of insect, its size, age, sex, temper- 
atures in which it has been reared, the 
effect of the container in which the insects 
are subjected to a given temperature, 
time of action of low temperature, rate of 
cooling and warming, state and condition 
of insects before and during cooling, ac- 


climatization of insects to both of these 
temperatures, etc. Efforts will be made to 
standardize and define the lethal tempera- 
tures of a suitable insect with due con- 
sideration to all above factors. 

The experimental results of this study 
revealed also that the paralysis produced 
in Triatoma gerstaeckeri at certain low 
temperatures and given periods of time 
was independent of negative atmospheric 
pressure. The exact mechanism responsi- 
ble for producing the permanent paralysis 
of T. gerstaeckeri has not yet been deter- 
mined. The effect of rapid subfreezing to 
the vitrifying or sublimation temperature 
in such a manner that possible ice forma- 
tion in the tissues of the insect can be pre- 
vented, represents an important problem 
for further study. 

Revival of insects after they were cooled 
at a certain temperature for given periods 
and removed to room temperature was 
not always immediate. In certain experi- 
ments, several hours or even days elapsed 
at room temperature before the insects 
were able to resume their normal activi- 
ties. In some instances it was difficult to 
ascertain whether seemingly dead insects 
were really dead or in the “hibernating 
stage.” 

The newly-developed equipment with 
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the |ow pressure chamber, or “strato- 
sphere chamber” used in the present 
study because of its various adjustable 
features, compactness and ease of opera- 
tion, will facilitate studies not only of the 
problems pertaining to the standard 
atmosphere but also the stratosphere. It 
will jikewise be useful for simulating con- 
ditions on the surface of submarines where 
increased atmospheric pressure is one of 
the main factors. 

SUMMARY AND CoNcCLUSIONS.—A new 
apparatus, a Low Temperature Refrigera- 
tor with Low Pressure Chamber, has been 
constructed that can be used conveniently 
for studying the effects of low tempera- 
tures and atmospheric pressures on small 
mammals, insects, and microorganisms 
and for simulating the low temperature 
and negative pressure conditions existing 
at various altitudes. The working space of 
the chamber measures 12 X 12 X12 inches. 
Within this chamber any desired tempera- 
ture ranging from +25° C. to as low as 
—85° C. can be maintained. Atmospheric 
pressures as high as 1320 mm. of mercury 
to as low as 10 mm. of mercury can be 
held indefinitely, concurrently with or 
independently of the temperature within 
the chamber. 

Five species of arthropods, i.e., Aedes 
aegypti, Bdellonyssus bacoti, Culex quin- 
quefasciatus, Musca domestica, and Tri- 
atoma gerstaeckeri were exposed for dif- 
ferent periods of time to the low tempera- 
ture and negative pressure conditions cor- 
responding to various altitudes. All of the 
arthropods studied were killed within 4 
hours at a temperature of —15 ° C. with 
an atmospheric pressure of 429 mm. of 
mercury (conditions corresponding to an 
altitude of 15,000 feet above sea level). 
All of the insects exposed to a temperature 
of — 5° C. with an atmospheric pressure of 
522 mm. of mercury (conditions corres- 
ponding to an altitude of 10,000 feet above 


sea level) survived and resumed their 
normal activities. The survival and death 
curves which plot the time against tem- 
perature are essentially similar for all 
species studied. In all cases a sharp in- 
flection in the curve was noted between 
temperatures of —10° C. and —15° C. 

The low temperature and low pressure 
conditions which were just below the 
lethal level produced permanent paralysis 
of some of the insects exposed, notably of 
Triatoma gerstaeckeri. These paralyzed 
insects were unable to feed on experi- 
mental animals or transmit diseases to 
them. 

Twenty-four T'riatoma  gerstaeckeri 
which were exposed at +25° C. with a 
negative pressure of 20 inches of mercury 
for 24 hours, were uninjured and resumed 
their normal activities at the end of the 
experiment. A few Triatoma, exposed to a 
temperature of —15 °C. with normal 
atmospheric pressure (no vacuum) for 1 to 
2 hours were all permanently paralyzed. 

Musca domestica, infected with Herpet- 
omonas muscae domesticae, exposed to a 
temperature of —15° C. for 2 hours, and 
Triatoma gerstaeckeri, infected with Try- 
panosoma cruzi, exposed to a temperature 
of —44° C. for 2 hours (both with cor- 
responding reduced pressure), all died; 
the flagellates, however, remained alive 
and active within the dead insects. 
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Resistance to DDT by the Grape Leafhopper 
Erythroneura variabilis Beamer! 


M. M. Barnegs,’ R. A. Fiock,? and R. D. Garmus,’ University of California 
Citrus Experiment Station, Riverside 


The grape leafhopper Lrythroneura growers have preferred the latter, since 








variabilis Beamer, a major pest of grapes, 
is the only leafhopper species that has 
been encountered in high populations in 
southern California vineyards. This 
species also occurs as a vineyard pest in 
Arizona, along with Dikrella cockerellii 
(Gillette). The latter species occurs on 
native wild grapevines in southern Cali- 
fornia, as does EF. elegantula Osborn, the 
grape leafhopper of the San Joaquin 
Valley. 

One of the earliest demonstrations of 
the potentialities of DDT in vineyard 
leafhopper control took place in 1944, 
when this insecticide was applied as a 
dust on the Tal-wi-wi ranch near nce 
Arizona. DDT was used in subsequent 
seasons on this property, generally in 
thermal aerosol applications or as a dust. 
In 1950, difficulties were experienced in 
obtaining adequate control, and by 1952 
the use of DDT had been discontinued 
because of control failure. The Arizona 
Erythronura variabilis employed in the 
present studies was collected from this 
vineyard.‘ 

In southern California, well-timed 
treatments with DDT, well applied either 
by dusting or by spraying, provided ex- 
cellent control during the first few years 
of its use. Typical results of experimental 
applications of DDT in 1947 (Barnes 
1947)> are shown in table 1. Although 
concentrated spray applications — pro- 
vided control with smaller amounts of 
DDT per acre than dust applications, 


sulfur dust may be effectively applied 
simultaneously for control of powdery 
mildew. 

Table 1.—Control of grape leafhopper in the 


field by application of DDT dusts and sprays, 
1947.! 








TREATMENT 
Pounds Perr 
Tech- Cent 
nical Con- 
DDT TROL 
APPLICATION per AFTER 
Metuop FORMULATION Acre 7 Days 
Fie ‘ld power duste 1 , DDT dust A, 
Field power duster? $4 DDT dust 
Vapor sprayer 2% DDT in light 
petroleum fraction 
25% DDT in xylene 


Airplane sprayer 
in 10 gals. water 





1 Barnes (1947). 
2 Manufactured by the Master Fan Corporation. 


In 1951, following reports of poor con- 


trol with DDT dusts in the Coachella 
Valley of southern California, a 5-acre 
vineyard in that area was sprayed in late 
August with a boom sprayer, using 4 
pounds of a 50 per cent DDT wettable 
powder in 200 gallons of water per acre. 
The dosage and gallonage employed were 
in keeping with the purpose of the appli- 
cation, which was to determine whether 


! Paper No. 790, University of California Citrus Experiment 
Sts ation, Riverside. 

2 Assistant Entomologist in the Experiment Station. 

3 Formerly Senior Laboratory Technician in the Experiment 
Station. 

4 Identification of this leafhopper and of the California 
Erythroneura variabilis was confirmed by Dr. R, H, Beamer of 
the University of Kansas. 

5U npublished data on file at the University of California 
Citrus Experiment Station, Riverside, Calif. 
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the ieafhopper could be controlled with a 
reasonable dosage of DDT applied in a 
manner that would insure good coverage 
and initial deposit. Excellent control re- 
sulted in this vineyard. Although it was 
possible that resistance might exist to a 
degree influencing results afforded by the 
lighter and more transient deposits from 
dust applications, leafhoppers in this case 
were still sufficiently susceptible for suc- 
cessful employment of DDT. 

Reports of difficulty in controlling 
grape leafhoppers with DDT in the Coa- 
chella Valley continued during 1952. 
Results of experimental applications in- 
dicated, however, that a 10 per cent DDT 
dust applied at 20 pounds per acre— 
twice the amount of DDT usually em- 
ployed in dust applications—would pro- 
vide very good control. Grower applica- 
tions of DDT in concentrated sprays both 
by ground equipment and by airplane 
also resulted in good control. 

In November, 1951, a population of 
Erythroneura variabilis was obtained from 
the Arizona location previously described. 
These leafhoppers, which were collected 
from their overwintering quarters in a 
grapefruit orchard, were caged on lemon 
foliage which had been dipped in an ace- 
tone solution of DDT. The resulting mor- 
tality was considerably less than expected. 
These results together with the field 
experience indicated the desirability of 
additional studies. 

The best way to determine whether a 
species can develop resistance to an in- 
secticide is to rear the species under 
continuous exposure to the insecticide 
and then compare with unexposed stock. 
If this is not possible, comparisons of 
field-collected strains having varied his- 
tories of insecticide exposure provide valu- 
able information. When initial use of an 
insecticide affords very good control of a 
species in all areas, as in the case of DDT 
for Erythroneura variabilis, it may be 
assumed that all wild, unexposed popu- 
lations are relatively susceptible. An iso- 
lated vineyard near Verdemont, Cali- 
fornia, which was abandoned before DDT 
became available, was selected as the 
source of a population of EF. variabilis 
unexposed to DDT, hereafter referred 
to as the Verdemont population. 

PRELIMINARY GREENHOUSE TRIAL.— 
For this trial, populations of Erythroneura 
variabilis were collected in Arizona in Au- 


gust, 1952, and caged on_ bench-grown 
Zinfandel vines for 4 days before being 
used. These leafhoppers were compared 
with those of the California Verdemont 
population, as follows. Five of ten potted 
vines were sprayed on a turntable with 2 
pounds of a micronized wettable powder 
containing 50 per cent technical DDT and 
50 per cent diluent,® with no wetting 
agent, per 100 gallons; the five remaining 
vines were untreated. One hundred leaf- 
hoppers of each of the two populations 
were separately confined in cloth sleeve 
cages on each of the ten vines. After 24, 
48, and 72 hours of continuous exposure, 
mortality counts were made by shaking 
the dead leafhoppers into the distal end 
of each sleeve cage, which was closed with 
a transparent disc. The results of this 
preliminary trial, presented in figure 1, 
show considerable difference in suscepti- 
bility of the two populations of leafhop- 


pers to DDT. 





% MORTALITY 





1 


48 

HOURS EXPOSURE 
Fic. 1.—Per cent mortality (probit scale) of leaf- 
hoppers from a previously untreated vineyard 
(Verdemont), at 1, 2, and 3 days (log. scale), as com- 
pared with that of leafhoppers from a_ treated 
vineyard (Arizona), when confined on DDT-sprayed 
grape foliage. Data corrected for check mortality 

by Abbott’s formula. 


LaBporatory TriALs.—To obtain fur- 
ther information on the existence of differ- 
ences in susceptibility of field-collected 
populations of Erythroneura variabilis to 
DDT,  exposure-time—mortality data 
were obtained from three populations of 
leafhoppers, namely, the Verdemont, the 


6 Attaclay; Attapulgus Clay Corporation, Philadelphia, Pa. 
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Fic. 2.—DDT-treated Erlenmeyer flask, showing 

method of exposing leafhoppers to DDT. Water sup- 

plied by means of cotton wick through tygon tube to 
reduce natural mortality. 


Arizona, and a population collected near 
Indio, in the Coachella Valley of southern 
California. 

Exposure of leafhoppers to DDT was 
carried out in 125-ce. Erlenmeyer flasks. 
Recrystallized p,p’-DDT was dissolved 
in acetone at 0.2 per cent, and 0.72 ce. 
of this solution was pipetted into each 
flask. This amount of DDT provides a 
deposit of about 10 mg. per square foot 
on the inner surface of the flask. The flask 
was slowly rotated so that the solution 
was evenly spread on all inside surfaces 
except the neck. While there was still an 
even film of acetone on the surface, a 
tube leading to a vacuum line was intro- 
duced into the flask. This quickly removed 
the remaining acetone, leaving the inside 
of the flask coated with well-dispersed 
droplets of super-cooled DDT. These 
droplets, if undisturbed, will remain un- 
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crystallized for long periods. The droplets 
crystallize instantly when touched by the 
tarsi of the leafhoppers as they crawl 
about after introduction into the flask. 

Natural mortality of leafhoppers was 
effectively reduced by providing them 
with water by means of a dental roll of 
absorbent cotton inserted through a tygon 
tube wrapped in the cellulose cotton flask 
stopper (Fig. 2). Additional water may 
be supplied to the wick as required by 
dropping it into the tube. Natural mor- 
tality in the check flasks never exceeded 
10 per cent. In fact, when water, only, is 
supplied, leafhoppers can be held for at 
least 1 week, and possibly longer, with 
very low mortality. 

Fifty leafhoppers were used for each 
exposure, and each treated flask was used 
for one exposure only. During exposure 
the flasks were under light continuously. 
After the desired exposure period, the leaf- 
hoppers were transferred to untreated 
flasks and held 24 hours before mortality 
counts were made. This transfer was car- 
ried out while the leafhoppers were anes- 
thetized with CO,. Flasks were held in a 
shaded area in a greenhouse section main- 
tained at approximately 80° F. 

Results of exposures of the three popu- 
lations of leafhoppers to DDT for varying 
periods, and in the manner described, are 
presented in figure 3. The expected 
straight-line relationship exists between 
the log of the exposure time and percent- 
age mortality when the latter is plotted 
on a probit scale. Each point in figure 3 
represents the average mortality of three 
replicates of 50 leafhoppers each, cor- 
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Fic. 3.—Per cent mortality (probit scale) plotted 

against hours’ exposure (log. scale) to p,p’-DD'T, for 

three strains of Erythroneura variabilis. Each point 

represents an average from three replications of 50 
leafhoppers each. 
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rected by Abbott’s formula (Abbott 1925) 
for mortality in two untreated flasks for 
each point. Leafhoppers in the untreated 
flasks were handled, anesthetized, etc., 
in the same manner as those in the treated 
flasks. 

The resulting mortality curves (Fig. 3) 
show that the three populations of leaf- 
hoppers represent three strains varying in 
their susceptibility to DDT in the order 
expected. The Arizona strain proved very 
resistant under these conditions, 48-hour 
exposure periods failing to produce signif- 
icant mortality. Leafhoppers of this 
strain were also held in treated flasks 
for as long as five days without significant 
mortality. 

Leafhoppers of the Indio strain were 
more susceptible than those of the Arizona 
strain, but less susceptible than those of 
the Verdemont strain. The data for the 
Verdemont and Indio strains were ana- 
lyzed by linear regression methods. The 
lines are parallel and are significantly 
different. The odds are greater than 19:1. 

Triats Wira DDT Activators.— 
Many compounds have been shown to 
increase the toxicity of DDT to DDT- 
resistant strains of the house fly (March 
et al. 1952, Speroni 1952). Four of these 
compounds were tested for possible acti- 
vation of DDT against the most resistant 
(Arizona) strain of leafhoppers. These 
trials were conducted in’ Erlenmeyer 
flasks, as previously described. Results are 
presented in table 2. 

Bis(p-chlorophenyl) — chloromethane,’ 
though practically nontoxic to house flies, 
proved to be highly toxic to both resistant 
and nonresistant leafhoppers. The fine 
droplets of this compound remaining on 
the walls of the flasks after evaporation 
of the acetone failed to crystallize when 
leafhoppers were introduced. Since the 
wings of leafhoppers became entangled 
by the sticky droplets, a reduction in the 
deposit was necessary. The use of 0.72 
ce. of a 0.03 per cent solution of this 
compound per flask produced a deposit 
one-seventh of that commonly employed 
with DDT. With this, leafhopper mortal- 
ity was complete after a 24-hour exposure 
plus the usual 24-hour holding period. 
The leafhoppers were more or less con- 
tinuously exposed to tiny droplets of the 
liquid compound as they walked about in 
the flask. Such exposure would presum- 
ably be more effective than exposure to 
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Table 2.—Results of laboratory trials with 
DDT activators on grape leafhopper. 








Per 
Per Cent Cent 
IN Mor- 
CompouNnpD AceTONE! TALITY? 


0.20 5 


Lear- 
HOPPER 
STRAIN 


Arizona 


DDT 


ere ethynyl 0.03 29 Arizona 


carbino 


DDT 0.20) 
Bis(p-chlorophenyl) ethynyl 0.03 
carbinol 


24 Arizona 


Bis(p-chloropheny]) chloro- 


Verdemont 
methane i 


Arizona 


DDT Arizona 
Bis(p-chloropheny!) methyl 


carbinol 
p,p’-Dichlorobenzenesul- Verdemont 
fonanilide 


DDT 
p,p’-Dichlorobenzenesul- 
fonanilic 


Arizona 





1 At the rate of 0.72 ce. per 125-cc. Erlenmeyer flask. 
? Exposure time 24 hours. Corrected by Abbott's formula for 
mortality in the check. 


the crystallized compound. To demon- 
strate true activation of DDT, a com- 
pound relatively nontoxic to leafhoppers 
should be used; hence further trials with 
this compound for the purpose at hand 
were not conducted. 

Bis(p-chlorophenyl) ethynyl carbinol,’ 
proved to be slightly toxic to leafhoppers, 
but when incorporated with DDT in 
flask trials, no significant difference in 
mortality resulted (Table 2). 

Sufficient crystallization took place 
with bis(p-chlorophenyl) methylearbinol 
(DMC),® that solutions as high as 0.06 
per cent could be used without resulting 
in entanglement of the leafhoppers. Ex- 
posure to combined deposits of DDT and 
DMC deposited from acetone did not 
result in significant mortality of the resist- 
ant strain of leafhoppers (Table 2). 

Deposits of p,p’-dichlorobenzenesulfon- 
anilide,? from acetone solution crystal- 
lized very well upon introduction of leaf- 
hoppers into the flask and were nontoxic 
to leafhoppers, but when incorporated 
with DDT, as described in table 2, failed 
to produce mortality of resistant leaf- 
hoppers. 

The incorporation of these materials 
with DDT in the deposits necessarily 
alters the DDT deposit, and the resulting 
exposure to DDT is changed. These 


7 Rohm and Haas Company. 
8 Sherwin-Williams Company. 
® The Dow Chemical Company. 
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trials do not show that these compounds 
cannot activate DDT; they show only 
that activation did not occur during the 
24-hour exposures in these trials. 

SumMARY.—During the first 4 or 5 
years of its use in vineyards for control 
of the grape leafhopper Lrythroneura 
variabilis Beamer, DDT provided very 
satisfactory control in all localities. Fol- 
lowing field reports of difficulty in control, 
a preliminary greenhouse trial with two 
populations of this leafhopper, one from a 
previously untreated vineyard (Verde- 
mont) and the other from a_ heavily 
treated vineyard (Arizona), showed a 
marked difference in the susceptibility 
of the two populations to DDT. These 
results led to further investigations in 
the laboratory. A third population from 
a vineyard (Indio) having a history of 
DDT usage and performance intermediate 
between that of the first two was included 
in these trials. 

Deposits of p,p’-DDT from a solution 
of 0.2 per cent DDT in acetone in 125-ce. 
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Erlenmeyer flasks were used in the labora- 
tory trials, and exposure-time—mortality 
curves were constructed for the three 
leafhopper populations. Results show 
that these populations represent three 
strains which vary in susceptibility to 
DDT. The Verdemont strain was the 
most susceptible of the three to DDT, 
The Indio strain was significantly less 
susceptible to DDT than the Verdemont 
strain (>19:1). The Arizona strain 
proved to be very resistant to DDT, 48- 
hour exposure to DDT providing no mor- 
tality. 

Three compounds, bis(p-chloropheny]) 
methylearbinol (DMC), _ bis(p-chloro- 
phenyl) ethynyl carbinol, and p,p’-di- 
chlorobenzenesulfonanilide, which have 
been shown to activate DDT against 
resistant house flies, failed to activate 
DDT against the resistant Arizona strain 
of leafhoppers. A fourth compound, bis(p- 
chlorophenyl) chloromethane, proved to 
be too toxic to the leafhoppers for use in a 
DDT activation study. 
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The Periodical Cicada in Maryland in 1953 


CastrtLo GranaM and A, Boyp Cocuran?:? 


Brood X of the periodical cicada, Ma- 
gicicada septendecim (L.), reappeared in 
1953. In Western Maryland, the popula- 
tion was exceedingly heavy in woodland 
and in apple orchards where trees existed 
17 years ago. 

Damace.—Most of the young plantings 
of apple trees in this area were placed be- 
tween old trees. In most cases, the old 
trees were removed during the past 2 or 
3 years. A section of one orchard was re- 
moved in 1946, and the ground lay fallow 
until 1948 at which time it was reset. In 
the interim, the stumps were removed and 
the ground subsoiled. This section of the 


orchard was adjacent to a block where the 
young trees had been set between the old 
ones which were removed in 1952. The 
cicada population in the former block was 
negligible and no appreciable damage oc- 
curred to the young trees. In the adjacent 
bloek, the population was extremelyheavy 
and the young trees were severely dam- 
aged even though they were treated with 


1 Scientific Article A440. Contribution Number 2497, Depart- 
ment of Entomology, University of Maryland. 

2 Field Entomologist and Assistant in Entomology, respec- 
tively, Department of Entomology and Horticulture Field 
Station, Hancock, Maryland. 

’ Samuel R. Dillon, Jr., John Day and Jesse Clingerman of 
the Dillon Orchards, rendered valuable assistance in collecting 
data and making field observations. 
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five applications of tetraethyl pyrophos- 
phate. Both blocks of old trees had similar 
infestations in 1936. It therefore appears 
that the cicada nymphs in the block where 
the trees were removed in 1946 perished 
before reaching maturity. 

The damage to bearing apple trees var- 
ied according to the population of cicadas. 
In orchards where severe populations oc- 
curred, the periphery of the tree turned 
black with dead twigs. There is no way of 
making an accurate evaluation of the 
damage incurred by the cicada to the cur- 
rent or future crops. It is evident that 
some fruit is lost by the breakage of limbs 
during the activity of the brood. It is fur- 
ther evident that fruit on severely dam- 
aged limbs is reduced in size. However, it 
is the opinion of the authors, and some 
growers, that damage incurred from the 
above causes is less than 5 per cent of the 
crop. The loss of apples from the breakage 
of limbs near the time of harvest was neg- 
ligible in this area. 

Bionomics.—Emergence.—In order to 
get accurate data on the length of the 
emergence period, a wire mesh cage cover- 
ing 7 square feet was placed under a tree 
where the burrows indicated a heavy pop- 
ulation. Emergence began on May 19 and 
continued until June 3. A total of 137 
adults emerged under the cage. In another 
orchard, a few miles distant, emergence 
started on May 14. Mating was observed 
on May 21 and oviposition started on 
May 24. The eggs began to hatch about 
July 25 with the peak occurring before 
August 5. Records were kept on the num- 
ber of males and females emerging from 
under the cage and by daily examination 
of adults collected at random in the or- 
chard from May 18 until July 2 at which 
time adults were hard to find. The propor- 
tion of sexes taken from the cage and 
found in orchards are shown in table 1. 

In an attempt to get records on the 
length of the hatching period and the 
number of nymphs emerging from an es- 
timated area, the limbs from a heavily in- 
fested apple tree, 6 feet in diameter and 7 
feet tall, were cut in 2-foot lengths and 
placed on a wide-mesh screen-top table 
with cloth suspended below to catch the 
nymphs. Daily observation showed that 
as the limbs became dehydrated, the eggs 
began to shrivel. It later became obvious 
that no hatching would occur in the dead 
limbs. Observations in several orchards 
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Table 1.—The proportion of sexes of periodical 
cicadas collected in the field, and under a cage.' 
(Shown in 5 day periods.) 








Per Cent 





NUMBER 
EXAMINED 


DatTE 


EXAMINED Females 


Males 





76.0 24.0 
61.4 (86.0) 38.5 (14.0) 
48.0 (46.6) 52.0 (53.4) 


200 
1300 (50) 
900 (103) 


May 18 
May 19-23 
May 24-28 
May 29- 

June 2 
June 3-7 
June 8-12 
June 13-17 500 
June 18-22 450 
June 23-27 =. 225 
June 28- 

July 2 100 


35.8 (6.2) 64.2 (93.8) 
13.8 (0) 86.2 (100) 
31.6 68.4 
27.8 72.2 
23.9 76.1 
27.0 73.0 


800 (16) 
800 (3) 
750 


16.0 84.0 





1 Collections from the cage which ended on June 3 are shown 
in parenthesis, 


showed that no eggs hatched in twigs that 
died regardless of whether they remained 
on the trees or dropped to the ground. 
Twenty-five unfertilized females were 
placed in a wire mesh cage, which was 
placed around apple limbs and secured at 
both ends with cloth to prevent the ci- 
cadas from escaping. Twenty-five males 
and 25 females were treated similarly in 
another cage. After all of the cicadas in 
both cages had died, the limbs were re- 
moved and examined for eggs and egg 
punctures. Oviposition was about equal 
in each cage. The removed limbs were 
placed in battery jars and observations 
made to determine if hatching occurred. 
No hatching occurred in either jar. 
Controui.—Soil Treatment.—Several in- 
secticides were tested as ground sprays 
against the nymphs. These sprays were 
applied a few days before emergence start- 
ed, using a portable rig and applying ap- 
proximately 30 gallons to the soil under 
each tree. Examination of the soil where 
each treatment was applied and observa- 
tions on emergence indicated that all treat- 
ments were ineffective. Several acres of or- 
chard where the turrets averaged approxi- 
mately 30 per square foot were disked about 
a week before emergence started. All of 
the turrets were destroyed to a depth of 6 
inches. Within a few days the turrets were 
reconstructed and observations indicated 
that disking was of no value in reducing 
the population. The insecticides and the 
amounts used in 100 gallons of spray were: 
chlordane (40 per cent) 2 lbs., chlordane 
(40 per cent) 4 lbs., BHC (10 per cent 











244 


gamma isomer) 2 lbs., BHC (10 per cent 
gamma isomer) 4 lIbs., dieldrin (15 per 
cent emulsion) 1 qt., dieldrin (15 per cent 
emulsion) 2 qts., parathion (47 per cent 
emulsion) 2 qts., tetraethyl pyrophos- 
phate (40 per cent) 1 qt., tetraethyl pyro- 
phosphate (20 per cent) 1 qt. 

Spraying caged adults.—Newly emerged 
adults were placed in screen wire cages, 8 
inches in diameter and 16 inches long, 
and hung in trees before spraying. The 
sprays were applied with an air blast 
machine, delivering 42,800 cubic feet 
of air per minute at a velocity of 90 
miles per hour. Trees were sprayed from 
both sides with the machine traveling 
2 miles per hour. Results from these tests 
were not consistent. In another set of 
tests, using the same insecticides, heav- 
ily infested trees were sprayed and the 
wetted specimens were collected and 
placed in cages and hung in the tree. Daily 
observations were made to determine the 
mortality in each cage. Untreated cages 
were placed in trees out of reach of the 
drift, for comparison. The insecticides 
used in these tests were: dieldrin (15 per 
cent emulsion) 13 qts.; BHC (10 per cent 
gamma isomer) 3 lbs.; parathion (15 per 
cent) 2 lbs.; parathion (47 per cent emul- 
sion) 13 pts.; CS-708 (25 per cent emul- 
sion) 1 qt.; malathion (25 per cent) 5 lbs.; 
TDE (25 per cent emulsion) 2 qts.; meth- 
oxychlor (50 per cent) 3 lbs.; TEPP (40 
per cent)‘ 4 to 8 ounces; TEPP (20 per 
cent)? 4 to 10 ounces, metacide® 1} pts.; 
EPN 300 (24 per cent W.P.)* 2 lbs. TEPP 
was the only material used in these tests 
that gave satisfactory kill of the adult 
cicadas. Six to 8 ounces of the 40 per cent 
and 8 to 10 ounces of the 20 per cent ma- 
terial to each 100 gallons of spray were 
required to give approximately 100 per 
cent kill. The stronger dosage gave 100 
per cent kill in about 6 hours whereas the 
weaker strengths required several hours 
longer. 

In commercial orchards.—Observations 
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made in several commercial orchards 
where TEPP was used at recommended 
strengths, showed good initial kill in most 
cases. Up to five applications were used in 
some young orchards where the popula- 
tion was extremely heavy, and even 
though good control was obtained with 
each application, serious damage occurred, 
Similar results occurred in old orchards 
where from 1 to 3 applications were ap- 
plied. Growers reported various degrees of 
control, some indicating excellent control, 
others questioned the value of the applica- 
tions. The only method of treatment that 
proved entirely satisfactory was wrapping 
the young trees with cheese cloth. 

Conc usions.—The periodical cicada, 
Magicicada septendecim (L.), caused se- 
vere damage to young trees in all orchards 
where the population was heavy and 
where the trees were not protected by 
cheese cloth. Limbs of old trees were se- 
verely damaged, but the loss of fruit as 
the result of this injury was believed to 
be less than 5 per cent of the crop. No loss 
of fruit resulted from the breakage of 
limbs immediately before or during har- 
vest. Observations on cicadas in orchards 
showed that the first emergence occurred 
on May 14. During the first week of emer- 
gence there were more males than females; 
thereafter the reverse was true until ob- 
servations were discontinued on July 2. 
Oviposition was observed on May 24. The 
peak of hatching occurred between July 
25 and August 25. Eggs did not hatch in 
dead and dried limbs whether they stayed 
on the tree or dropped to the ground. Un- 
fertilized females deposited eggs when 
‘raged on limbs. Disking of orchards, or 
spraying the ground with insecticides a 
few days before emergence started, failed 
to give control. Of the various insecticides 
used against the adult, TEPP was the 
only one that gave a high kill. 

4 Furnished by the California Spray-Chemical Corporation. 


5 Furnished by Pittsburgh Agricultural Chemical Co. 
6 Supplied by E. I. du Pont de Nemours & Company, Inc. 
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Fly Production Sources in Urban Communities 


H. F. Scnoor, G. A. Mam, and E. P. Savaar, Communicable Disease Center, 
Public Health Service, U. 8. Department of Health, Education, and Welfare 


Knowledge concerning the relative im- 
portance of various substrates in produc- 
ing fly populations in urban areas is of 
vital consequence to those engaged in fly 
control activities. Moreover, in recent 
years the widespread occurrence of house 
fly resistance to chlorinated hydrocarbon 
insecticides has accentuated the need for 
pertinent information on fly breeding 
habits as a foundation for the increased 
reliance upon environmental sanitation as 
the principal weapon of control. To inves- 
tigate this ecological problem, surveys of 
fly breeding sources were conducted in 
Charleston, West Virginia (1951 and 
1952), whe mg Arizona (1951 and 1952), 
and ‘Topeka, Kansas (1950).! This paper 
describes the findings obtained at Charles- 
ton, West Virginia, with limited mention 
of the data from Topeka, Kansas. The 
results from Phoenix, Arizona, were re- 
ported previously by Siverly and Schoof.? 

DESCRIPTION OF Stupy ArEAs.—The 
study area listed as Charleston, West 


Virginia, was composed of two contiguous 


communities, Charleston and South 
Charleston (total population, 90,187). 
Both cities represented heavily industri- 
alized municipalities located on the banks 
of the Kanawha River. A total of 1600 
blocks was present in the two communi- 
ties, these blocks representing diversified 
levels of sanitation which ranged from 
substandard conditions to those charac- 
teristic of maximum cleanliness. 

Since the Charleston area was subject to 
fly control measures, limited surveys were 
also conducted in the nearby untreated 
towns of Dunbar and St. Albans, West 
Virginia. Both cities were in the 8,000 
population class and possessed a physical 
make-up similar to Charleston, with the 
exception that animal pens were encount- 
ered more frequently in the untreated 
communities. 

SurvEY Procrepures.—For the pur- 
pose of this study, the sampling pattern 
was superimposed upon the design utilized 
in conducting the routine appraisal of 
adult fly densities in the community. All 
blocks within the city were grouped into 
socioeconomic sections which in turn were 
divided into homogeneous units of 10 to 20 


blocks each. Within each unit, the block 
of highest fly productivity was designated 
as a survey station. A rotation schedule 
was followed whereby representative 
blocks of each socioeconomic category 
were surveyed on a weekly rate, a 50 per 
cent coverage of the total number of units 
in the municipality being achieved during 
each 4-week period. In general, an average 
of 56 blocks was covered monthly, the 
same stations being checked routinely 
throughout the season. 

To insure adequate coverage of all types 
of socioeconomic conditions, the survey 
blocks were classified in accordance with 
the following categories: 

Type I (High class residential).—Residential 
blocks with excellent premises sanitation, 
weekly refuse collection, animal shelters absent 
except for occasional dog houses. 

Type II (Middle class residential). —Blocks with 
good premises sanitation, weekly refuse collec- 
tion, occasional rabbit or chicken pens, or busi- 
ness establishments. 

Type III (Low class residential).—Blocks with 
poor premises sanitation, inadequate refuse 
collection, numerous animal pens. 

Type IV (Dump blocks).—Blocks characterized 
by exceptionally high fly potential. For exam- 
ple, refuse dumps, commercial enterprises, etc. 

Type V (Business).—Blocks containing over 50 
per cent business establishments, daily garbage 
collection. 


In the survey of a block, the inspector 
made a diligent search for fly breeding 
substrates of all types. Samples of positive 
substrates were collected and returned to 
the field station for rearing purposes in 
1951 or for larval identification in 1952. 
During 1952, the specimens were reared 
only when the sample contained larvae 
which were not readily identifiable by the 
available keys. 

Resutts.—The relative importance of 
different substances based on the fre- 
quency of occurrence of positive samples 
is depicted in figures 1 and 2.* During 
both years, garbage represented approxi- 


1The Topeka surveys were preliminary studies of limited 
coverage. 

? Siverly, R. E., and H. F. Schoof. (Unpublished manuscript.) 
Utilization of wens production media by muscoid flies in a 
metropolitan area. I. Adaptability of different flies for infesta- 
tion of prevalent alae I. Seasonal influence on degree and 
extent of fly production. III. Fly production in relation to city 
block environment. Comumunical Disease Center, Phoenix, 
Arizona, and Atlanta, Georgi 

* Part of the cost ‘of cenmaed the figures accompanying 
this paper is being paid by the Public Health Service. 
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Fic. 1.—Relative percentage of the various types of fly infested media. (389 
samples.) Charleston, West Virginia—1951. 





Fic. 2.—Relative percentage of the various types of fly infested media. (665 
samples.) Charleston, West Virginia—1952. 
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mately one-half of all positive samples 
detected. Although numerous media such 
as fowl excrement, dog stools, sea food 
wastes, and dead animals yielded a higher 
percentage of positive samples in relation 
to the total number of the particular sub- 
strate located, the ubiquitous occurrence 
of garbage in the city overshadowed these 
as to over-all significance in fly pro- 
duction. 

Dog stools and fowl droppings com- 
posed over two-thirds of the total positive 
excrement samples detected. Because of 
zoning restrictions, feces of the larger 
domestic animals were almost wholly 
absent. In the miscellaneous categories, 
meat, dead animals, and coffee grounds 
predominated. 

These data for Charleston, West Vir- 
ginia, agree with those from surveys in 
Topeka, Kansas (Figure 3). and Phoenix, 
Arizona (Figure 4), garbage also being the 
most frequent positive substrate en- 
countered at these cities. However, excre- 
ment at both Topeka, Kansas, and 
Phoenix, Arizona, achieved greater rela- 
tive significance than at Charleston, West 
Virginia, a shift which probably reflects 
the increase in tolerance for animals 
which occurs in the western parts of the 
United States. At Topeka, cow dung re- 
presented 14.8 per cent of the total posi- 
tive substrates, and at Phoenix, cow-horse 
excrements accounted for 14.6 per cent. 
Positive samples of such fecal matter were 
encountered only four times at Charles- 
ton. 

In table 1, the data depict the relative 
importance of the different substrates in 
the residential and business areas. In the 
residential blocks, the fewest number of 
substrates (except excrement) and the 
lowest percentage of positive substrates 
were detected in the zone with the highest 
socioeconomic level. In the garbage cate- 
gory, the amount and the infestation rate 
increased with the decline in premises 
sanitation but in the excrement and mis- 
cellaneous categories, the increase fol- 
lowed an irregular sequence. The business 
zone exhibited the highest infestation rate 
in garbage but contained fewer substrates 
than all but the high-class residential 
blocks. Presumably the latter reflected 
the effect of the daily garbage pick-up in 
the business area. On a comparative basis, 
garbage produced the highest number of 
substrates per block inspection in all four 
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socioeconomic categories. 

Table 2 summarizes the species compo- 
sition of the larvae which infested the 
different substrates. As the data show, the 
principal species recovered from samples 
of contained garbage were the blow flies 
Phaenicia sericata and Phaenicia pal- 
lescens, and the house fly, Musca domes- 
tica. Discounting double infestations which 
occurred in the same samples, the blow fly 
group predominated in refuse stored in 
containers. Although M. domestica was 
found in 27.9 per cent of the positive 
garbage can samples, refuse under these 
conditions was much less readily infested 
with this species than when it was scat- 
tered on the terrain. The reverse was true 
with the blow fly species. 

Dog stools were the most common ex- 
crement detected during the survey 
period. In this medium, Sarcophaga spp. 
predominated, maintaining a percentage 
infestation rate of 96 per cent for both 
survey years. Sarcophaga spp. also were 
the chief species produced from human 
feces (64.7 per cent) with house flies, 
Ophyra spp. and Phaenicia sericata also 
being detected therein. Fowl excrement 
served as a source of a host of species, of 
which Musca domestica was predominant. 

The infestation rates for the various 
species in the miscellaneous substrates in- 
dicated that meat scraps was the sub- 
strate most frequently encountered during 
the survey. This medium yielded 12 dif- 


Table 1.—Average number substrates per 
block and percentage of substrates positive in 
residential and business areas. Charleston, 
West Virginia, 1951 and 1952. 
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Fic. 3.—Relative percentage of the various types of fly infested media. (636 
samples.) Topeka, Kansas—1950. 





Fic. 4.—Relative percentage of the various types of fly infested media. (807 
samples.) Phoenix, Arizona—1951 and 1952. 
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Table 2.—Frequency of occurrence of different fly larvae i in various breeding media (769 samples), 


Charleston, West Virginia, 1951-52. 
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Sarcophaga spp. 
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Lucilia illustris 
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ferent species, with Phaenicia sericata, 
Phaenicia pallescens, Phormia regina, and 
Sarcophaga spp. being represented in more 
than 23 per cent of the positive samples 
collected. Of interest is the paucity of 
Callitroga macellaria in infestations of 
meat scraps. A similar absence of C. 
macellaria in meat samples was reported 
at Phoenix, Arizona (Siverly and Schoof).? 

Discusston.—Results of the Charles- 
ton survey indicate two types of fly pro- 
ducing sources in the area: (a) localized 
sites of high fly productivity (e.g., poultry 
plant); (b) numerous scattered areas of 
relatively low productivity (e.g., garbage 
‘ans, animal pens, etc.). The poultry con- 
cern listed under (a) provided an ample, 
continuous supply of fowl excrement. In 
1951, 61 per cent of the 49 samples at this 
site were positive; in 1953, the percentage 
rose to 83. In contrast, fowl excrement in 
the city as a whole was of lesser conse- 
quence, 23 and 32 per cent respectively of 
the 35 and 25 samples located in 1951 and 
1952 being positive. Fortunately, only one 
such problem establishment was present 
in the community. 

Household garbage (in containers and 
scattered) was the most frequent producer 
of positive substrates and represented 
more than 47 and 53 per cent of all posi- 
tive substrates located during 1951 and 
1952. This medium, because it was present 
within every block in the community in 
small volumes, serves as an example of 
category (b). The ubiquitous distribution 


and close proximity to human habitation 
of garbage makes it a major cause of the 
undesirable close association between 
Musca domestica and man. 

Inasmuch as dump sites of copious fly 
production were of infrequent occurrence 
in Charleston, the qualitative measure- 
ment of fly breeding founded upon the 
percentage of media infested without re- 
gard to the volume of the substrate serves 
as a reliable yardstick for appraising the 
importance of the different substrates in 
creating the local fly problem. It should 
be pointed out, however, that while the 
operation of a control program affected 
over-all fly production within the city, its 
influence was disproportionately greater 
with reference to the findings for garbage. 
One of the principal control tactics con- 
cerned the routine treatment of garbage 
cans with a residual insecticide in the 
spring period, a measure which was not 
applied to other production sources with 
the same routine extensive coverage. 
Sanitation efforts likewise were directed 
more heavily toward refuse than against 
other sources. Some measure of these 
effects can be obtained from survey data 
obtained in the untreated communities 
wherein garbage composed 76 per cent of 
the total positive substrates detected and 
showed an infestation rate of 43 per cent. 
In comparison, the treated community 


yielded percentages of 53.8 and 24 for the 


same two respective phases during 1952. 
In viewing the over-all data for Charles- 
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Fig. 5.—Relative frequency of occurrence of larvae of Musca domestica and blowflies Phaenicia sericata, 
P. pallescens in (A) scattered garbage, and (B) garbage in containers, Phoenix, Arizona; Topeka, Kansas; 
and Charleston, West Virginia. 


ton, West Virginia, it is apparent that 
garbage both as to prevalence and the 
rate of infestation was the most important 
fly producing source within the com- 
munity. In addition, this substrate sup- 
ported a wider range of species than any 
of the remaining media, as evidenced by 
the fauna of 22 different flies which were 
produced from garbage in containers 
(Table 2). 

These data agree with those reported 
for Savannah by Quarterman et al. (1949), 
but conflict with the general statement 
in the literature (Matheson 1950; Met- 
valf et al. 1951) that house fly produc- 
tion is chiefly the result of breeding in 
horse manure. Herms (1950). likewise 
places emphasis upon horse manure but 
qualifies the statement as relating to rural 
conditions. Available evidence now indi- 
cates that in urban areas household 
garbage forms the principal substrate for 
house fly production. Even in cities where 
horse excrement is available, Musca 
domestica may breed more readily in other 
fecal matter (e.g., chicken). Needless to 
state, the displacement of the horse as a 
major means of transportation has rele- 
gated fly production from this source to 
a minor role. Moreover, many cities lay 
stress upon the enforcement of animal 
ordinances but appear less prone to em- 
phasize the need for establishing and 





maintaining adequate refuse storage, col- 
lection, and disposal practices. Appar- 
ently the house fly has adapted itself more 
readily to the change in city conditions 
than has man’s thinking in regard to a 
problem which is essentially man made. 
In regard to garbage, one of the princi- 
pal findings observed concerned the rela- 
tive rates of infestation of scattered gar- 
bage and garbage in containers by Musca 
domestica and the blow flies Phaenicia 
sericata and P. pallescens. The data re- 
vealed that WM. domestica was found more 
frequently in scattered garbage than in 
garbage in containers. The blow flies, 
however, exhibited a reverse preference, 
both species of Phaenicia being taken 
more readily in garbage in containers. 
That such a relationship is not unique for 
Charleston is evidenced by similar results 
from Topeka, Kansas, and Phoenix, 
Arizona (Figure 5). It is of particular sig- 
nificance that in areas like Phoenix where 
house flies are conspicuously predominant, 
the blow fly group still infests contained 
garbage more frequently. At Charleston, 
the preponderance of M. domestica in 
scattered garbage remained true despite 
the prevalence of blow flies in the area. 
Why blow flies and house flies exhibit dif- 
ferences in their ability to infest garbage 
under these two conditions is not answer- 
able from the present data. 














-——d 





cata, 
1Sas; 


col- 
yar- 
1ore 
ions 
oa 
nel- 
ela- 
yar- 
uscd 
icia 
re- 
1ore 
1 In 
lies, 
nee, 
ken 
ers. 
> for 
sults 
nix, 
sig- 
here 
ant, 


ined 


‘ton, 
1 in 
spite 
rea. 
dif- 
bage 
wer- 





April 1954 








ScHooF ET AL.: URBAN FLy Propuction SourcEs 





Sarcophaga 
spp. 








Musca 

domestica 
Fannia 

spp. 
Muscina 

spp. 

















41.3 














CHARLESTON, WEST VIRGINIA - 1951 and 1952 





Sarcophaga 
Spp. 








Anthomyia 
spp. 
Poregle 
cinere/la 
Fannia 
spp. 


Ophyra 
/eucostoma 














Sarcophaga 
spp. 


“192.5 








Musca 
domestica 

Muscina 
spp. 

Phaenicia 
sericota 











Phaenicia 
pollescens 











40 60 
PERCENT 


T -_— 
80 100 


PHOENIX, ARIZONA —1I95! and 1952 


Fic. 6.—Percentage infestation of dog excrement by various fly larvae. 


The general findings again implicate 
Musca domestica as the species which 
possessed the widest range of adapta- 
bility with reference to development in 
different media. The house fly was de- 
tected in 11 of the 13 classes of media 
whereas the blow flies Phaenicia sericata, 
P. pallescens, and Phormia regina were 
recovered from 9, 7, and 7 of the 13 
media, respectively. 

The results also show the flesh flies 
Sarcophaga to be the primary inhabitants 
of dog stools. In other excreta, particu- 
larly chicken excrement, Musca domes- 
tica was the chief species produced. These 
data for excrement paralleled those from 
Topeka, Kansas, and Phoenix, Arizona 
(Figures 6 and 7). 


Of the miscellaneous media, all except 
grass clippings provided suitable condi- 
tions for the development of 9 to 11 dif- 
ferent species. Musca domestica was re- 
covered most frequently from coffee 
grounds, but certain species such as 
Phaenicia sericata and Phormia regina in- 
fested several of the substrates on a rela- 
tively uniform basis. 

The importance of specific substrates 
varied with the degree of sanitation prac- 
ticed in the different residential zones; as 
the degree of sanitation was lowered, the 
number of different substrates increased. 
For example, in the high class area where 
a high degree of premises sanitation 


_4 Refers to accumulated feces rather than individual drop- 
pings. 
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Fig. 7. Percentage infestation of chicken excrement by various fly larvae. 


existed, only six types of positive sub- 
strates were located during the survey. 
Of these substrates, garbage in containers 
and dog excrement accounted for 75 per 
cent of all positive substrates found. In 
the middle class residential area, garbage 
in containers and dog excrement were still 
the important media detected but an in- 
crease occurred in the number of other 
positive substrates, such as grass clip- 
pings, dead animals, meat scraps, coffee 
grounds, etc. 

In the residential areas characterized 
by a low degree of sanitation, the number 
of positive dog droppings decreased con- 
currently with an augmentation in the 
number of positive samples of human and 
fowl excrement. An appreciable increase 


in scattered garbage and other miscel- 
laneous substrates also occurred in this 
area. Garbage and coffee grounds were the 
common breeding media in the business 
area. One reason for the infestations in 
coffee grounds was the large number of 
restaurants which stored _ putrescible 
wastes and moist coffee grounds in uncov- 
ered receptacles. Although coffee grounds 
were detected in residential areas, the 
volume of this medium in the individual 
container was insufficient for fly produc- 
tion. 

Information on the breeding habits of 
various species not only serves as a guide 
in the execution of sanitation measures 
but also provides a useful aid in the 
chemical control of resistant flies. To 
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date, the only domestic fly resistant to 
chlorinated hydrocarbon insecticides is 
Musca domestica, a species which in 
Charleston infested less than 5 per cent 
of all the positive samples of grass 
clippings, meat, dead animals, and sea 
food wastes. Thus, in treating these 
media, a standard chemical such as DDT 
could be employed without jeopardizing 
the degree of house fly control in the 
community. 

The survey data also indicate that only 
a minimal number of samples positive for 
house flies was encountered prior to June. 
Therefore, chemical control for the early 
spring period could include the use of any 
insecticide without concern for the re- 
sistance problem. This recommended pro- 
cedure actually was practiced with suc- 
cess in 1952 at Charleston where resist- 
ance to dieldrin appeared in the house fly 
population during August 1951. In early 
spring 1952, dieldrin was still employed as 
a residual-larvicide treatment with sub- 
sequent chemical treatments consisting of 
space and residual sprays of other chemi- 
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cals (e.g., DDT-DMC, CS-708). 

SuMMARY.—Fly breeding surveys in 
Charleston, West Virginia, in 1951 and 
1952 demonstrated that approximately 
50 per cent of the positive substrates de- 
tected were garbage. Similar results were 
obtained at Phoenix, Arizona (1951-52), 
and Topeka, Kansas (1950). 

In all three cities, Musca domestica in- 
fested scattered garbage much more fre- 
quently than it did garbage in containers. 
The reverse was true for the blow flies 
Phaenicia sericata and Phaenicia pal- 
lescens. Sarcophaga spp. was the chief 
inhabitant of dog stools whereas M. do- 
mestica predominated in accumulated 
chicken excrement. 

Socioeconomic levels in Charleston, 
West Virginia, influenced the types of 
substrates available, the number of sub- 
strates increasing with the decline in 
premises sanitation. 

Musca domestica exhibited the greatest 
versatility in breeding habits; this species 
was recovered from 11 of the 13 different 
substrates. 
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Differences between a Resistant and a Non-Resistant 
Strain of the German Cockroach 


James McD. Grayson,! Virginia Agricultural Experiment Station, Blacksburg 


Heal et al. (1953) found that a field- 
collected strain of the German cockroach 
possessed an extreme degree of resistance 
to chlordane, and significant resistance to 
lindane and DDT. The cockroaches used 
in most of the tests were second- and 
third-generation progeny from an original 
culture obtained from Corpus Christi, 
Texas. Fisk and Isert (1953) have shown 
this same strain of German cockroach to 
be highly resistant to chlordane and di- 
eldrin, and slightly resistant to three other 
insecticides, after being reared for nine 


generations without exposure to insecti- 
cides. 

In March 1952, the writer was informed 
by W. D. Bedingfield of Corpus Christi, 
Texas, that difficulty was being encoun- 
tered in that city in controlling the Ger- 
man cockroach with chlordane. A small 
culture of field-collected cockroaches was 
later shipped to the writer. It was neces- 
sary to rear these insects for several 

1 Acknowledgement is made to C, Y. Kramer, Statistical 


Laboratory, Virginia Polytechnic Institute, for making some of 
the statistical analyses. 
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Fic. 1.—Mortality of adults from resistant and non- 

resistant strains of the German cockroach at the end 

of 10 days following treatment with chlordane. Non- 

resistant-strain males, (A); Non-resistant-strain fe- 

males, (B); resistant-strain males, (C) ; and resistant- 
strain females, (D). 


generations in order to get an adequate 
supply for testing purposes. In this paper 
some differences are presented between 
the third- and fourth-generation offspring 
of the strain from Texas, and a laboratory 
strain which had not been exposed to an 
insecticide. The criteria of comparison 
are: resistance to three insecticides, re- 
productive performance, size of empty egg 
vases, and weight of adults. 
ForMULATIONS TEstED.—The forms of 
insecticides used were technical grade 
chlordane, pure tetraethyl pyrophosphate 
(TEPP), and lindane. Water suspensions 
of chlordane were prepared from acetone 
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Fic. 2.—Mortality of adults from resistant and non- 

resistant strains of the German cockroach at the end 

of 4 days following treatment with lindane. Non- 

resistant-strain males, (A); non-resistant-strain fe- 

males, (B); resistant-strain males, (C); and resistant- 
strain females, (D). 
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solutions of this material by use of the 
suspending agent, Emcol H65A.? Prelimi- 
nary trials revealed that neither acetone 
nor the suspending agent exerted any del- 
eterious effects upon the German cock- 
roach at concentrations employed in this 
study. Solutions of TEPP were formed by 
addition of the pure material to distilled 
water. Water suspensions of lindane were 
prepared from acetone solutions of this 
material. 

RESISTANCE TO INSECTICIDES.—The 
insects were reared in the same manner as 
previously employed for other strains 
(Grayson 1951). Cockroaches within 
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Fic. 3.—Mortality of adults from resistant and non- 

resistant strains of the German cockroach at the 

end of 4 days following treatment with TEPP. Non- 

resistant-strain males, (A); resistant-strain males, 

(B); non-resistant-strain females, (C); and resistant- 
strain females, (D). 


known age limits were obtained by re- 
moving all adults from the stock cultures 
at intervals of 7 to 10 days. For treatment 
they were placed in small screen cages, 
from 20 to 30 per cage, and dipped in the 
insecticidal preparations at 30° C. Cock- 
roaches treated with chlordane were 
dipped for a period of 20 seconds, and al- 
lowed to remain in the treated cages for 
60 minutes following dipping before re- 
moval to recovery jars; whereas those 
treated with lindane or TEPP were dipped 
for 10 seconds and left in the treated 
cages for 15 minutes before removal to re- 
covery jars. Mortality counts were made 
at the end of 3, 6, and 10 days following 
treatment with ‘chlordane, and at the end 
of 2 and 4 days following treatment with 
lindane or TEPP. Dead and moribund 


2 Manufactured by the Emulsol Corp., Chicago, Illinois. 
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Table 1.—Comparative toxicities of three insecticides to resistant' and non-resistant strains of 


the German cockroach. 








Non-REsISTANT STRAIN 
———————— 


LD-50 LD-90 


RESISTANT STRAIN 





Order of Resistance 


| —_ _ 





0.0063 
0.0476 


0.0034 
0.0165 


LD-90 | at LD-50 | at LD-90 


111.7 | 
275.7 | 


333. 


2.100 3 
312.3 


4.5500 14.870 





Lindane 


0.0155 
0.0430 


M | 0.0103 
| 0.0242 


0.0595 


| 
| 
0.3800 | 
0.0940 | 


0.076 | x 
| 8 


4.§ 
0.185 4. 





0.0575 


0.1530 0.3950 


TEPP =| M | 
| F 


0.1100 | 
| 


Va 


0.1120 | 0.165 1.9 
1. 


0.2650 | 0.512 r7 


| 
| 
| 
| 
| 
| 





1 The resistant strain consisted of third- and fourth-generation 
at Corpus Christi, Texas. 
2 The values shown are in terms of ml. per liter for chlordane 


roaches were combined in the mortality 
counts. The criterion for regarding a spec- 
imen as moribund was inability to ex- 
hibit active locomotion. 

The results are shown in figures 1 to3 
and in table 1. The regression lines were 
fitted to the points by the method of 
least squares (Bliss 1935). From four to 
six points were used to establish each line, 
and at each concentration the tests were 
usually replicated from three to six times. 

Repropuction.—The data for repro- 
ductive response of each strain were ob- 
tained from the performance of 72 females 
which were maintained in a constant- 
temperature cabinet at 30° C. and approx- 
imately 55 per cent relative humidity for 
a period of 105 days. They were grouped 
into 6 replicates of 12 females each. The 
different lots of females were reared in 
l-gallon, glass battery jars with an ade- 
quate number of males. Tiers of press- 
board were placed in each jar, and food 
and water were continuously made avail- 
able. At appropriate intervals the nymphs 
and empty egg cases were removed. 

The results are briefly summarized in 
table 2. The data were analyzed by the 
analysis of variance. Fewer nymphs per 
female and fewer nymphs per egg case 
were produced in the resistant strain than 
in the non-resistant strain. These differ- 
ences were greater than would be expected 
at odds of 19 to 1. 

Emery Eaa Casres.—Measurements 
were made with a vernier caliper of the 
lengths and widths of 300 empty egg 
cases from each strain. These were made 
by each of three different individuals 
measuring 100 empty egg cases. 

The results are shown in table 3. The 


roaches reared from a small culture received from W. D. Bedingfield 


and TEPP, and grams per liter for lindane. 


Table 2.—Reproductive performance during a 
105-day period of adults from resistant and non- 
resistant strains of the German cockroach. 








AVERAGE! NYMPHS 


; Per 
STRAIN Female 





122.6? 
138.9 


Resistant 
Non-resistant 





1 Average of 6 replicates of 12 females each. : ; 
2 Significantly different (P = <.05) from non-resistant strain. 


empty egg cases produced within the 
resistant strain were smaller in both 
length and width than those produced 
within the non-resistant strain. The dif- 
ferences were greater than expected at 
odds of 19 to 1. 

Weicuts or Aputts.—Adult cock- 
roaches were weighed in lots of 20 on an 
analytical balance. Six lots each of males 
and females were weighed for each strain. 

The results are shown in table 4. Male 
and female cockroaches in the resistant 
strain weighed less than the corresponding 
sex in the nonresistant strain. The dif- 
ferences were greater than expected at 
odds of 99 to 1. 


Table 3.—Average' lengths and widths of 
empty egg cases produced by resistant and non- 
resistant strains of the German cockroach. 








WiptH 
(MM.) 


LENGTH 


| 
STRAIN (MM.) 





Resistant 7.8? 8.5 


Non-resistant 8.1 3.7 





1 Measurements were made on 300 empty egg cases from each 
strain. 
2 Significantly different (P = <.05) from non-resistant strain. 
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Table 4.—Average' weights of adult German 
cockroaches from resistant and non-resistant 
strains. 








Mates | FEMALES 
STRAIN (GM.) (GM.) 
Resistant 1.1020? 2.0150? 


Non-resistant 1.2053 2.2476 





1 Average of six replicates of 20 insects each. 
? Highly significantly different (P = <.01) from non-resistant 
strain. 


Discussion.—-The data presented here 
are in agreement with those reported by 
Heal et al. (1953) and Fisk & Isert (1953) 
in showing that the strain of German 
cockroach from Corpus Christi, Texas, 
possesses a high degree of resistance to 
chlordane. The order of resistance of this 
strain to chlordane is considerably greater 
than that reported for a DDT-selected 
strain to DDT (Grayson 1953). This is 
particularly true in the case of the males. 
The magnitude of resistance, originally 
and after nine generations of development 
without exposure to an insecticide (Heal 
et al. 1953, Fisk & Isert 1953), would sug- 
gest that the genetic basis for resistance to 
chlordane in the German cockroach is 
comparatively simple, 7.e. restricted to 
one or only a few loci; and that in the 
chlordane-resistant strain the determi- 
nants for resistance are probably homo- 
zygous.® This contrasts with the apparent 
complex nature of DDT resistance in the 
German cockroach (Cochran et al. 1952). 
Experiments are currently being con- 
ducted in this laboratory for testing this 
hypothesis. 

In all other comparisons (7.e., nymphs 
produced per female, lengths and widths 
of empty egg cases, and weights of adults) 
significant differences were found between 
male and female cockroaches in the re- 
sistant strain from Texas and the corre- 
sponding sex in the non-resistant, labora- 
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Control of Thrips and Leafhopper on Peanuts 


F. S. Arant,! A.P.I. Agricultural Experiment Station, Auburn, Alabama 


Thrips and leafhopper have attracted 
considerable attention on peanuts during 
recent years in the Georgie-Florida- 
Alabama area. Seedling peanuts are at- 
tacked early in the season by thrips, 
Frankliniella fusca (Hinds), and to a lesser 
extent by F. tritict (Fitch). During mid- 
summer injury from potato leafhopper, 
Empoasca fabae (Harr.), is quite common. 
Until recently, little was known regarding 
the importance of these insects as pests of 
peanuts. 

Thrips injury to peanuts was noted in 
Florida as early as 1917 (Watson 1918). 
Poos (1941) referred to thrips injury to 
peanuts causing a condition sometimes 
‘alled “pouts.’” However, Shear & Miller 
(1941) called attention to confusion aris- 
ing from the term “‘pouts” and suggested 
its discontinuance. Poos (1945) reported 
successful control of thrips with 2 per 
cent DDT dust. Poos et al. (1947) found 
that control of thrips with DDT and BHC 
dusts and sprays resulted in increased 
yield of peanuts in the Virginia-Carolina 
area. 

The potato leafhopper has been con- 
sidered a pest of peanuts at least since the 
publication of results of research by Poos 
& Batten (1937) on control of potato leaf- 
hopper on peanuts in Virginia. Other re- 
search indicating the importance of this 
insect on peanuts was the published re- 
sults of Batten & Poos (1938), Miller 
(1942), Poos et al. (1947), Wilson & Arant 
(1949), Arant (1951), and others. In some 
of the earlier investigations it was not 
possible to evaluate accurately the rela- 
tive importance of leafhoppers and Cerco- 
spora leafspot. 

Research in Alabama on insecticidal 
control of thrips and potato leafhopper on 
peanuts was begun at the Wiregrass 
Substation in 1946 and has continued to 
the present. Summarized results for the 
period 1946 to 1950 inclusive are herein 
reported. 

ProcepurRE.—Plot Layout.—The plot 
layout varied somewhat from year to 
year depending upon the nature of the 
experiment. Preliminary tests were con- 
ducted on plots 6 to 8 rows wide, varying 
in length from 334 to 80 feet. The shorter 
length was used where applications were 


made with hand equipment and the longer 
ones where tractor equipment was em- 
ployed. Plots were separated by alleys 4 
to 6 rows wide to act as buffers against 
drifting insecticidal dusts. Treatments 
were replicated 4 to 5 times in randomized 
complete blocks. Blocks of plots were 
separated by alleys 15 to 25 feet in width. 
After preliminary tests were made, 
more promising treatments were tried in 
field-scale experiments. Plots were usually 
12 to 24 rows wide and extended the 
length of the field. The treatments for the 
various field plots were located at ran- 
dom, and all the treatments in an experi- 
ment were considered a block. Other 
blocks of the same treatments were 
located in the same or in other fields until 
treatments had been replicated several 
times. Replications in field-scale experi- 
ments varied from 3 to 15 in number. 
Application of Insecticydes.—Insecti- 
cides were applied for the most part as 
dusts, although sprays were used in some 
preliminary experiments. In the earlier 
experiments all materials were applied 
with hand dusters or sprayers. Later, 
tractor dusters were used. In field-scale 
experiments all the insecticides were ap- 
plied with tractor-mounted dusters. The 
rate of application of dust was 20 to 25 
pounds per acre per application with both 
hand and tractor dusters. Where sprays 
were used, the rate was approximately 75 
to 100 gallons per acre per application. 
With few exceptions, all insecticides were 
applied while the foliage was dry and the 
air relatively calm. When there was heavy 
rainfall within 24 hours, applications were 
usually repeated. When leaf-feeding cater- 
pillars appeared in the experimental area, 
all plots including the checks were treated 
with cryolite at approximately 25 pounds 
per acre in order to eliminate or at least 
minimize the effect of these insects. 
Insect Infestation Records.—Infestations 
of thrips and leafhoppers were taken at 


1 The writer acknowledges substantial contributions by Dr. 
Coyt Wilson to research reported in this paper. Dr. Wilson was 
formerly Plant Pathologist but is now Assistant Dean and Di- 
rector, Alabama Polytechnic Institute School of Agriculture 
and Agricultural Experiment Station. He was in charge of that 
part of the work relating to control of Cerocspora leafspot. 
Credit is also due Dr. Marvin E. Merkl, now with the U. S. 
Entomology Research Branch, for assisting with the field work 
in 1950. 
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intervals during some of the experiments. 
Thrips populations were determined by 
removing 20 tips of the peanut plant and 
counting the thrips present. A tip 2 inches 
in length was selected at random from 
each of 20 plants in one of the inner rows 
of each plot. Leafhopper infestations were 
also determined from the tips examined. 
In addition, leafhoppers were collected by 
sweeping with an insect net to determine 
abundance of the insects. For each count, 
10 sweeps of the insect net were made 
when the air was reasonably calm and the 
foliage dry. The average of two counts on 
each plot was recorded as the infestation. 
Nymphs and adults were counted sepa- 
rately but are reported together in this 
paper. 

Yield Records.—Several methods of 
harvesting were used to determine yield 
of peanuts receiving various treatments. 
In the early experiments on small plots, 
the peanuts were dug, picked green by 
hand, and weighed. The pods remaining 
in the soil were removed by hand and also 
weighed. In later experiments the peanuts 
were dug, sacked, transported to a sta- 
tionery peanut picker, and picked by the 
machine while green. Either one or two 
of the inner rows of each plot was used for 
harvest records. Frequently, though not 
always, half of the record area was har- 
vested at one date and the other half 1 
week to 10 days later to measure the effect 
of time of harvest on yield of peanuts re- 
ceiving different treatment. 

In field-scale experiments, the peanuts 
were plowed up and shaken with machin- 
ery used generally for this purpose on the 
farm. In some of the experiments the pods 
were allowed to dry in windrows. The 
peanuts were then picked by a portable 
picker as it was moved along the windrow. 
In other field experiments the peanuts 
were dried in small piles or stacks. The 
pods were then removed by conventional 
type pickers. Yield records were taken 
only from rows near the center of the plot. 
The size of the area varied in different 
fields. 

Regardless of method of harvesting, a 
composite sample of peanut pods was 
taken from each plot at the time the pea- 
nuts were picked. Usually this sample was 
1 pound in size. The samples were re- 
moved to the laboratory and dried to 
constant weight in an electric dryer. The 
drying percentage was then applied to 
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the weight of green peanuts harvested 
in order to calculate the yield of dry pea- 
nuts per plot. All yields were adjusted to 
7 per cent moisture content for uni- 
formity. The sample of peanuts from each 
plot was shelled and studied for quality 
and for percentage of sound, mature 
kernels. 

Resutts.—Results of the experiment 
were measured in terms of insect infesta- 
tions and yield of peanuts. In the earlier 
work, major emphasis was placed on in- 
sect infestations to determine the effec- 
tiveness of various insecticidal treat- 
ments. Later, most of the emphasis was 
on yield of peanuts in order to determine 
the practicability of control. Since both 
infestation and yield records are not avail- 
able from all experiments, the results are 
reported separately. 

Leafhopper Infestation on Spanish Pea- 
nuts.—DDT, toxaphene, and DDT-sul- 
phur-copper mixture were highly effective 
in reducing the infestation of leafhopper 
on Spanish peanuts (Table 1). Three ap- 
plications of these materials reduced the 
insect counts to approximately 2 per 10 
sweeps of an insect net as compared to 16 
on the untreated checks. These reductions 
were highly significant. BHC dust con- 
taining 2 per cent gamma isomer and 5 
per cent chlordane dust were much less 
effective. 

Thrips and Leafhopper on Runner Pea- 
nuts.—Studies were made of thrips and 
leafhopper infestation on runner peanuts 
in several experiments. Results of tests 
made in 1946 and 1947 are presented in 
Tables 2, 3, and 4. 


Table 1.—Leafhoppers on Spanish peanuts on 
August 2, 1947, following applications of insecti- 
cidal dusts, four replications. 





AVERAGE NUMBER 
LEAFHOPPERS PER 
10 SWEEPS WITH 
Insect NET 





TREATMENT! 
16.1 

2.4 

11.0 





Undusted check 

2% DDT 

2% BHC (gamma isomer) 
20% toxaphene 

5% chlordane 

2% DDT in copper-sulphur? 





LSD, 5 per cent level 
LSD, 1 per cent level 





1 Dusted July 9, July 22, and August 1, with approximately 
20 pounds per acre per application. 

2 3.4 per cent metallic copper and approximately 87 per cent 
sulphur. 
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Table 2.—Infestation of thrips and leafhopper 
following applications of dusts to runner peanuts, 
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Table 4.—Thrips and leafhopper on runner 
peanuts following dust applications of chlor- 
inated hydrocarbons, 1947. 








experiment I, 4 replications, 1946. 


AVERAGE NUMBER? 





Leaf- 
hoppers 
per 10 

Sweeps 
with In- 
sect Net 


Leaf- 
hoppers 
per 20 
Peanut 


Thrips 
per 20 
Peanut 
TREATMENT! Tips 





Undusted check 38.6 . $4.4 
3% DDT 15.1 ’ 5.5 
1% rotenone 33.7 . 27.6 
2% nicotine 55.9 24.9 
20% sabadilla 21.9 13.1 


NUMBER OF AVERAGE NuMBER! 


hopper 


Repli- 
cates 


Dust- 
TREATMENT ings 





Untreated check 0 4 
2% DDT 42 4 
2% BHC (gamma 

isomer) 98 
2% DDT 7 
2% DDT 108 


} 
' 





LSD, 5 per cent level a 
LSD, 1 per cent level 36.5 


Sel eKom on 
wal oso w 


Ore | 








LSD, 5 per cent 
level 11.6 6 8.5 
LSD, 1 per cent 


level 16.2 11.9 





1 Dusted July 15 and 25 at rate of 25 pounds per acre. 
2 Average of counts made July 18 and 31, 


The most effective materials tried in 
the control of thrips were DDT spray, 2 
and 3 per cent DDT dust, and 20 per cent 
toxaphene dust. All of these materials 
reduced the population significantly be- 
low that on the untreated checks in all 
experiments. Usually the differences were 
highly significant. DDT spray at 0.75 
pound per acre was much more effective 
than DDT dust at a slightly lower rate 
(Table 3). 

Three plant derivatives and sulphur 
dust were much less effective for thrips 
control than DDT and toxaphene (Tables 
2 and 4). The infestation on plots re- 
ceiving 20 per cent sabadilla was signif- 
icantly lower than on untreated checks. 
Where 2 per cent nicotine was used, the 


Table 3.—Thrips and leafhopper on runner 
peanuts following applications of dusts and 
sprays, experiment II, 4 replications, 1946. 








AVERAGE NuMBER? 


Thrips hoppers Sweeps 
Pounpbs per 20 r 20 with 

, PER Peanut Peanut Insect 

TREATMENT! ACRE Net 
0.00 
0.75 
20.00 
0.50 


Untreated check 
DDT spray 
Sulphur dust 
DDT dust 

LSD, 5 per cent level 
LSD, 1 per cent level 


| 
| 
| 
| 
| 


Untreated check 0 2 114. 
3% methoxychlor 98 2 117. 
20% toxaphene 93 P 24. 


- 
comm 
aon 





! Average of counts made June 4, June 11, June 26, July 2. 

2 Dusted May 27, June 4, June 11, and June 26 at the rate of 
20 pounds per acre. 

3 Only the applications of May 27 and June 4, 11, and 26 
were made during the period of infestation counts. 


population of thrips was higher than 
where no insecticide was applied. Sulphur 
dust did not affect the population sig- 
nificantly. 

DDT dust and spray, toxaphene dust, 
methoxychlor dust, and sabadilla dust 
were highly effective in reducing the popu- 
lation of leafhoppers on runner peanuts. 
On plots treated with sulphur dust, the 
leafhopper population was significantly 
lower than on the untreated checks, but 
the material did not give as good control 
as other insecticides. BHC failed to give 
satisfactory reduction in the population 
of leafhoppers on runner peanuts under 
the condition of the experiment (Table 4). 


Table 5.—Effect of four applications of in- 
secticides applied for leafhopper control on yield 
of Spanish peanuts, 1947. 








Pounpbs or Dry 
PEANUTS PER ACRE 
Gain Over 

Check 


TREATMENT! Yield 





Undusted check 996 

2% DDT—inert 1262 266 

2% BHC (gamma isomer)— 
inert 

20% toxaphene—inert 

5% chlordane—inert 

2% DDT in sulphur-copper 


1058 62 
1463 467 
1011 15 
1421 425 





LSD, 5 per cent level 189 
LSD, 1 per cent level 261 





: Applications, June 27, July 9, July 19, July 27. 
* Average of counts made July 10, July 15, July 25, Aug. 7. 


1 Applications made July 9, July 22, August 1, and August 13 
with approximately 20 pounds per acre. 
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Table 6.—Effect of insecticides applied for con- 
trol of thrips and leafhopper on yield of Spanish 
peanuts, 1948. 
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Table 7.—Effect of four applications of DDT 
with and without fungicide on yield of runner 
peanuts, 1947. 








Pounps or Dry 
PEANUTS PER ACRE 


Num- 
BER OF 
Dust- 

INGS 


Gain Over 
Yield Check 
1439 — 
1840 101 
1750 311 
1643 204 


TREATMENT! 





Undusted check 

20% toxaphene—inert 

20% toxaphene—inert 

10% toxaphene—inert 

2% DDT in sulphur- 
copper 

5% DDT; 2% DDT— 
inert 

2% DDT—inert 


1866 427 


1655 216 
16135 1745 





LSD, 5 per cent level 219 
LSD, 1 per cent level 303 





1 Approximately 20 pounds per acre per application. 

2 Dusted May 28 and June 18 for thrips and July 14, July 23, 
August 3, and August 13 for leafhopper. 

3 Dusted July 14 and 23 and August 3 and 13 for leafhopper; 
also leafspot where sulphur-copper was included. 

4 First two dustings, 5% DDT; last four, 2% DDT. 

5 Yields available on two replicates only; these data not used 
in analysis of variance. 


Effect of Thrips and Leafhopper on 
Yield of Spanish Peanuts.—Results of 
an experiment on the control of leafhopper 
on Spanish peanuts in 1947 are presented 
in table 5. Results of a similar experi- 
ment on thrips and leafhopper control in 
1948 are presented in table 6. 

All insecticides tried in these experi- 
ments resulted in significant increases in 
yield of peanuts with the exception of 2 
per cent gamma isomer of BHC and 5 
per cent chlordane dusts. Where six appli- 
cations of the insecticides were applied for 
control of both thrips and leafhopper, the 
yields were not significantly greater than 
where four applications were made for 
leafhopper control. Two per cent DDT in 
a mixture containing 3.4 per cent copper 
and approximately 87 per cent sulphur 

yas more effective in increasing yield than 
2 per cent DDT in an inert carrier. The 
additional increase in yield was attributed 
to control of Cercospora leafspot. Gains 
from effective treatments ranged from 204 
to 467 pounds of peanuts per acre. 

Effect of Thrips and Leafhopper on 
Yield of Runner Peanuts, 1947 and 1948.— 
In two replicated experiments conducted 
in 1947 and 1948, 2 per cent DDT, 2 per 
cent DDT plus sulphur-copper, 10 per 
cent toxaphene, and 20 per cent toxa- 
phene dusts were highly effective in the 
control of leafhopper on runner peanuts 
(Tables 7 and 8). Plots dusted with these 


Pounps or Dry 
PEANUTS PER AcRE 


Gain Over 


Check 


TREATMENT! Yield 





1792 . 
2053 261 
2131 339 
2236 444 


Undusted check 
Sulphur-copper dust? 

2% DDT inert dust 

2% DDT sulphur-copper 





LSD, 5 per cent level 258 
LSD, 1 per level 354 





1 Dusts applied July 10, July 21, August 2, and August 18 
with approximately 25 pounds per acre. 

2 Contained 3.4 per cent copper and approximately 87 per cent 
sulphur. 


materials yielded 224 to 1,350 more 
pounds of peanuts per acre than un- 
treated checks. Where 5 per cent DDT or 
20 per cent toxaphene was applied twice 
for thrips control early in the season and 
4 times later in the summer for leaf- 
hopper control, there was no significant 
increase in yield over plots treated only 
4 times for leafhopper control (Table 8). 
It appeared from these results that four 
applications of DDT or toxaphene applied 
during the last of July and first part of 
August were effective in controlling leaf- 
hopper and increasing yield of peanuts 


Table 8.—Effect of insecticides applied for 
control of thrips and leafhopper on yield of runner 
peanuts, 1948. 








Powunps or Dry 
Num- PEaANuTS PER ACRE 
BER OF —————- 
Dust- Gain Over 
INGS Yield Check 
2366 - 
2679 313 
2831 465 
2718 352 


TREATMENT! 
Undusted check —_ 
20% toxaphene 6? 
20% toxaphene 48 
10% toxaphene 43 
2% DDT in sulphur- 

copper 43 
5% DDT;2% DDT 2; 4 
2% DDT 43 
Outside check® _ 


3716 1350 
2727 361 
2590 224 
21295 — 244 





313 
428 


LSD, 5 per cent level 
LSD, 1 per cent level 





1 Applied at approximately 20 pounds per acre ag application. 

2 Dusted May 28, June 18 for thrips and July 14, July 2%, 
August 3, August 13 for leafhopper. 

3 Dusted July 14, July 23, August 3, August 13 for leafhopper; 
also leafspot where sulphur-copper was included. LS 

4 First two dustings, 5% DDT; last four, 2% DDT. ; 

5 Four untreated plots adjoining experimental area; yields 
not included in analysis of variance. 
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over those on untreated checks. Two ap- 
plica tions of the same materials applied 
to seedling peanuts for thrips control did 
not result in any significant increases in 
yield. 

‘ Field-Scale Control of Leafhopper in 
1948.—Preliminary experiments indicated 
that 20 per cent toxaphene without a 
fungicide was as effective as 2 per cent 
DDT in a sulphur-copper mixture for 
control of leafhopper and increasing yields 
of peanuts (Table 5). Ten per cent toxa- 
phene was as effective as 2 per cent DDT 
when both were applied without a fungi- 
cide (Table 6). However, toxaphene was 
not competitive in price with DDT. In a 
workable dusting program, it was neces- 
sary that the insecticide be in a mixture 
with sulphur or sulphur-copper to form a 
combination insecticidal-fungicidal dust. 
Sulphur in the mixture increased the cost 
very little, whereas the addition of copper 
was expensive. It was known that copper 
increased the efficiency of DDT-sulphur 
dust. A field-scale experiment conducted 
in 1948 was to determine the relative ef- 
fectiveness of toxaphene-sulphur mixture 
as compared with toxaphene-sulphur- 
copper. Results of this experiment are 
presented in table 9. It will be noted that 
plots receiving the toxaphene-sulphur- 
copper produced significantly more pea- 
nuts than those receiving no treatment. 
The yield on plots receiving toxaphene- 
sulphur was intermediate between those 
on untreated checks and plots dusted 
with toxaphene-sulphur-copper mixture. 
The increases in yield over the checks re- 
sulting from treatment with toxaphene- 
sulphur averaged 223 pounds of peanuts 


Table 9.—Effect of toxaphene in mixtures with 
sulphur and sulphur-copper on yield of runner 
peanuts, 1948. 








Pounpbs or Dry PEANUTS 
PER ACRE 





. Gain Over 
[REATMENT! Yield Check 
1424 
1643 


Undusted check 

10% toxaphene-sulphur? 
10% toxaphene-sulphur- 
copper 





1792 


289 


LSD, 5 per cent level 





' Dusted July 28, August 12, August 20, and August 27 with 
approximately 20 pounds per acre. 

65 per cent sulphur. 

* 65 per cent sulphur and 3.4 per cent copper. 
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Table 10.—Effect of various insecticides ap- 
plied in inert carriers for leafhopper control on 
yield of runner peanuts, 1949. 








Pounps or Dry PEANUTS 
PER ACRE 
Gain Over 

Check 
1137 — 
1377 240 
1590 453 
1794 657 
1259 122 
1518 381 


1525 





TREATMENT! Yield 
Undusted check 
5% methoxychlor 
2% parathion 
2.5% DDT 

1% dieldrin 

1% parathion 
2.5% aldrin 
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LSD, 5 per cent level 





1 Dusts applied July 7 (light shower), July 18 (light shower), 
July 30 (heavy rain), August 2 (heavy rain), August 3, Sep- 
tember 1 at approximately 20 poinds per acre. 


per acre as compared with 368 pounds on 
the toxaphene-sulphur-copper plots. 


Control of Leafhopper on Small Plots and 
Large Plots in 1949.—Results of experi- 
ments on the control of leafhopper with 
various insecticides on small plots are pre- 
sented in table 10; yield records of peanuts 
treated with some of the same insecti- 
cides in mixtures with fungicides are pre- 
sented in table 11. Ten per cent toxaphene 
and 2.5 per cent DDT alone or in mixtures 
with sulphur or sulphur-copper were the 
most effective insecticides tried. Two per 
cent parathion was also highly effective in 
terms of increased yield of peanuts. Plots 


Table 11.—Effect of DDT and toxaphene in 
fungicidal and inert dusts on yield of runner pea- 
nuts, 1949. 








Pounpbs OF PEANUTS PER ACRE 


Average of Two 
Diggings? 


Second 
Digging 
Gain 


Over 


Check 


Gain 
Over 
TREATMENT! Yield Check Yield 


Undusted check 598 1277 
2.5% DDT in sulphur- 
copper’ 1685 
2.5% DDT in sulphur* 1769 
2.5% DDT— inert 1651 
10% toxaphene in sulphur- 
copper® 
10% toxaphene in sulphurt 
10% toxaphene—inert 


1838 
1823 
1580 
LSD, 5 per cent level 
LSD, 1 per cent level 





! Dusts applied July 7 (light shower), July 18 (light shower), 


July 30 (heavy rain), August 2 (heavy rain) August 3, Sep- 


tember 1, at approximately 20 pounds per acre. 
2 First digging, September 23; second, October 11. 
33.4 per cent copper and 65 per cent sulphur. 
4 65 per cent sulphur. 
5 Differences not statistically significant. 
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Table 12.—Effect of two insecticidal-fungicidal 
dusts on yield of runner peanuts on field-scale 
plots, 9 replications, Henry and Houston Coun- 
ties, Alabama. 1949. 








Pounps or Dry PEANUTS 
PER ACRE 


Gain Over 


Yield Check 


TREATMENT! 





Undusted check 1591 
10% toxaphene in dusting 

sulphur 2123 
2.5% DDT in sulphur- 

copper 2239 





LSD, 5 per cent level 221 
LSD, 1 per cent level 305 





1 Four applications on each replicate at intervals of approxi- 
mately 10 days during latter two-thirds of July and first of 
August, at 20 pounds per acre. 


treated with 1 per cent parathion or 2.5 
per cent aldrin also produced higher yields 
than the untreated checks. There was no 
significant increase in yield from the use 
of 1 per cent dieldrin or 5 per cent me- 
thoxychlor, although the gain from plots 
treated with methoxychlor approached 
significance. The gain from _ effective 
treatments ranged from 303 to 972 pounds 
of peanuts per acre in these experiments. 

Results of an experiment conducted in 
1949 on a field-scale basis with farmers in 
Henry and Houston Counties are pre- 
sented in table 12. This experiment was 
done to test, on a farmer basis, treatments 
which had shown promise in small-plot 
areas. The differences in yields of peanuts 
between all treated plots and the undusted 


Table 13.—Effect of DDT and toxaphene in a 
fungicidal mixture on yield of runner peanuts in 
field-scale experiments, 15 replications, south- 
eastern Alabama, 1950. 








Pounps or Dry PEANUTS 
PER ACRE 





Gain Over 
TREATMENT! Yield Check 





Undusted check 1396 
2.5% DDT—3.4% copper 

65% sulphur dust 1604 
10% toxaphene—3.4% cop- 

per 65% sulphur dust 1776 





LSD, 5 per cent level 186 
LSD, 1 per cent level 251 





1 Three to 4 applications by farmers at 7- to 14-day intervals 
beginning the middle of July, at approximately 20 pounds per 
acre. 
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checks were highly significant. The dif- 
ferences between toxaphene-sulphur and 
DDT-sulphur-copper plots were not sig- 
nificant, although the trend was toward 
higher yields on the DDT-sulphur-copper 
plots. The yield of peanuts on plots 
treated four times with DDT-sulphur- 
copper was 2,239 pounds per acre as com- 
pared with 2,123 pounds _ where 
toxaphene-sulphur was used and 1,591 on 
the checks. 

Effect of Insecticidal-Fungicidal Dusts in 
Field-Scale Experiments, 1950.—Results 
of field-scale experiments for the combined 
control of leafhopper and leafspot on 
farms in southeastern Alabama in 1950 in 
which a DDT-sulphur-copper mixture and 
a toxaphene-sulphur-copper mixture were 
used are presented in table 13. There was 
much variation in soil and in farming 
procedure in the different fields used. 
Average yields from 15 replications in 
several counties revealed significant in- 
creases in yield of peanuts resulting from 
the use of the dusts. The difference in 
yield between the plots receiving DDT 
and toxaphene was not significant, al- 
though the trend was toward higher yields 
where toxaphene was applied. Average 
yields of peanuts per acre from areas re- 
ceiving different treatments were as fol- 
lows: untreated check, 1,396 pounds; 
DDT-sulphur-copper, 1,604 pounds; and 
toxaphene-sulphur-copper, 1,776 pounds 
per acre. 

SUMMARY AND ConcLusions.—Repli- 
cated small-plot and field-scale experi- 
ments were conducted at the Wiregrass 
Substation of the A.P.I. Agricultural 
Experiment Station for control of thrips, 
Frankliniella fusca (Hinds), and potato 
leafhopper, Empoasca fabae (Harr.), from 
1946 to 1950 inclusive. Two to 5 per cent 
DDT, 10 to 20 per cent toxaphene, and 2 
per cent gamma isomer of BHC, applied 
at the rate of 20 pounds per acre, were 
highly effective in reducing the popula- 
tion of thrips. Twenty per cent sabadilla 
dust was moderately effective, and 1 per 
cent rotenone and 2 per cent nicotine were 
ineffective. Two to 5 per cent DDT and 
10 to 20 per cent toxaphene were effective 
in reducing populations of leafhopper. 
Three per cent methoxychlor, 20 per cent 
sabadilla, and dusting sulphur also re- 
duced the infestation of leafhoppers. Two 
per cent gamma isomer of BHC, 5 per 
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cent chlordane, 1 per cent rotenone, and 
2 per cent nicotine were ineffective against 
this pest. 

There were no consistent gains in yield 
of Spanish or runner peanuts from two 
applications of 10 per cent toxaphene or 
5 per cent DDT applied at 10-day inter- 
vals for thrips control, beginning when the 

lants were in the seedling stage. In small- 
plot and field-scale experiments, Spanish 
and runner peanuts receiving four appli- 
cations of 2 to 2.5 per cent DDT or 10 to 
20 per cent toxaphene at the rate of 20 
pounds per acre during July and August 
for leafhopper control yielded signifi- 
cantly more peanuts than untreated 
checks. Where the insecticide was used in 
a mixture with 3.4 per cent copper and a 
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minimum of 65 per cent sulphur, the 
yields were usually significantly greater 
than where the insecticides were applied 
without the fungicide. 

The treatment recommended as a re- 
sult of this research consists of an 
insecticidal-fungicidal dust containing 
either 2.5 per cent DDT or 10 per cent 
toxaphene in a mixture with 3.4 per cent 
copper and at least 65 per cent sulphur. 
Treatment of runner peanuts should begin 
about the time of last cultivation near the 
middle of July. Four applications should 
be made at the rate of 20 pounds per acre 
at 7- to 10-day intervals. Treatment of 
Spanish peanuts is the same as for run- 
ners, except that the control program 
should begin 2 to 3 weeks earlier. 


LITERATURE CITED 
Arant, F. S. 1951. “Insect Pests,” Ch. VII, The peanut. The National Fertilizer Association, Washing- 


ton, D. C. pp. 210-61. 


Batten, E. T., and F. W. Poos. 1938. Spraying and dusting to control the potato leafhopper on peanuts 


in Virginia. Va. Agr. Expt. Sta. Bul. 316. 


Miller, L. I. 1942. Peanut leafspot and leafhopper control. Va. Agr. Expt. Sta. Bul. 338. 

Poos, F. W. 1941. On the causes of peanut “pouts.”’ Jour. Econ. Ent. 34(5): 727-8. 

Poos, F. W. 1945. Control of tobacco thrips on seedling peanuts. Jour. Econ. Ent. 38(4): 446-8. 

Poos, F. W., J. M. Grayson, and E. T. Batten. 1947. Insecticides to control tobacco thrips and potato 
leafhopper on peanuts. Jour. Econ. Ent. 40(6): 900-5. 

Poos, F. W., and E. T. Batten. 1937. Greatly increased yields of peanuts obtained in attempts to con- 
trol potato leafhopper. Jour. Econ. Ent. 30(3): 561. 

Shear, G. M., and L. I. Miller. 1941. Thrips injury to peanut seedlings. The Plant Disease Reporter 


25(19): 470-4. 


Watson, J. R. 1918. Report of the Department of Entomology, Fla. Agr. Expt. Sta. Rept. for Fiscal 


Year Ending 30th June, 1917. 


Wilson, Coyt, and F. S. Arant. 1949. Control of insects and diseases of peanuts. Ala. Agr. Expt. Sta. 


Leaflet 27. 


Control of Willow Flea Weevil, Rhododendron Lace Bug 
and Red-Headed Pine Sawfly! 


T. W. Kerr, Jr., University of Rhode Island, Kingston 


Investigations on the comparative ef- 
fectiveness and timing of application of 
various insecticides for control of insects 
attacking ornamental trees and shrubs 
have been conducted in Rhode Island dur- 
ing the past 5 years. The results of 4 
years’ work involving 22 insect and one 
mite species have been published (Kerr 
1950, 1951, 1952, 1953). The present re- 
port is another contribution in the series 
and concerns studies completed in 1953 
on the willow flea weevil, Rhynchaenus 
rufipes (Lec.), the rhododendron lace bug, 
Stephenitis rhododendri Horv., and the red- 


headed pine sawfly, Neodiprion lecontei 
(Fitch). 

Mareriats.—The particulars concern- 
ing the insecticides and dilutions used in 
each experiment are given in tables 1 to 3. 
All were wettable powders and included 
50 per cent DDT, 50 per cent methoxy- 
chlor, 25 per cent lindane and 25 per cent 
malathion. A wetting, spreading and stick- 
ing agent,” at the rate of 4 ounces in 100 


1 Contribution No. 831 from the Rhode Island Agricultural 
Experiment Station, Kingston. : ; 
2 Triton B-1956, a modified phthalic glycerol alkyd resin. 
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gallons of water, was used with each dilu- 
tion of insecticide. All materials were ap- 
plied as sprays with a conventional, pow- 
er-operated, hydraulic: sprayer and spray 
gun, except in the experiment involving 
the red-headed pine sawfly. A hand-oper- 
ated, compression sprayer was used in this 
experiment. 

FreLtp Stupies.—Willow flea weevil.— 
In Rhode Island this insect is often found 
in destructive numbers wherever the laurel 
willow, Salix pentandra, grows. Ordinarily 
it does not become a problem on the more 
popularly grown weeping willow, S. baby- 
lonica, except in areas where the two spe- 
cies of willow grow in close proximity. 

In 1951 and 1952, the first overwintered 
adults were observed on April 30. In 1953, 
they appeared on April 29. On these dates 
few weevils were found, but by mid-May 
considerable numbers were present. Dur- 
ing all three seasons some of the adults 
lingered until late in July, the latest date 
during which they were present being 
July 27, 1953. August 11, 1953, was the 
sarliest date on which adults of the new 
generation were found. 

Experiments were undertaken on both 
weeping willow and laurel willow. In 1951, 
16 days after the adults began to emerge 
from hibernation, weeping willow trees 
averaging 17 feet in height were sprayed 
with 1 and 2 pounds of DDT, respectively, 
per 100 gallons of water. Although periodic 
examination for 11 weeks following treat- 
ment revealed the complete absence of 
adults on the leaves of the treated trees, 
there were well-developed larval mines in 
the leaves of both treated and untreated 
trees on July 31. At that time, 91 per cent 
of the leaves of the untreated trees con- 
tained one or more mines, while 46 per 
cent and 37 per cent, respectively, of the 
leaves sprayed with the greater and lesser 
concentrations of DDT showed larval 
mines. This indicates that some eggs were 
deposited soon after the adults emerged 
from hibernation. This is contrary to the 
results of Weiss & Lott (1921) and Nash 
(1934) who report that oviposition begins 
about 1 month after the adults appear in 
the spring. 

In 1953, experiments were conducted 
on laurel willow trees averaging 12 feet in 
height. Each insecticide was applied to 10 
trees on May 4 and May 19 at the rates 
indicated in table 1. On June 8 and June 
22, five of the trees in each treatment were 
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Table 1.—Control of willow flea weevil with 
insecticides. South Kingstown, R. I. May-August, 
1953. 





Pounps MINgEs 
IN 100 PER PER 
GAL- CENT In- 
tons AppuLi- LEAVES JURED 
WaTeER CATIONS MINED Lear 





MATERIAL 





DDT 50% vie 2.8 
WP 0. 0.0 
22. 3.0 
0. 1.0 
Methoxychlor 28. 
50% WP 0. 
37. 
is 


Check 100. 





sprayed again. Data on control were ob- 
tained during the period of July 27 to 
August 5 when 100 random leaves from 
each of the trees were examined for larval 
injury. The results are presented in table 
1. Both DDT and methoxychlor were ef- 
fective in controlling the insect. Four 
applications of insecticide, even at the les- 
ser concentration, resulted in fewer in- 
jured leaves than two applications. While 
two applications of either insecticide were 
not sufficient to prevent larval injury to 
some of the leaves, the number of mines 
per injured leaf was considerably less than 
that of the untreated trees. 
Rhododendron lace bug.—This insect is 
one of the most serious pests of rhododen- 
dron in Rhode Island. During 1953 its 
seasonal history was similar to that re- 
ported by Herrick (1935), except for the 
time of appearance of the various stages. 


Table 2.—Control of the rhododendron lace 
bug with insecticides. South Kingstown, R. I. 
June, 1953, 








PouNnbs 
IN 100 
Gations’ PER CENT 


MATERIAL WATER CoNntTROL 


DDT 50% WP 100.0 
‘ 1 





Methoxychlor 50% WP q 100. 
100.0 


99.8 


Lindane 25% WP 100.0 
96.8 


90.1 


— 
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The overwintered eggs began to hatch on 
June 1. On June 24 adults of the first gen- 
eration began to appear. Adults of the 
second generation were seen first on July 
28. 

The experiment was conducted on 
clumps of rhododendron plants, Rhododen- 
dron maximum L., averaging 10 feet high, 
17 feet long and 12 feet deep. The mate- 
rials listed in table 2 were applied on June 
4. On June 29, data on control were ob- 
tained by examining 300 leaves of the pre- 
vious year’s growth in each treatment for 
live nymphs and adults. On the basis of 
active ingredient, all three insecticides 
were equally effective for controlling the 
first generation of lace bugs. Plants 
sprayed with the 1- and 2-pound rates of 
DDT and methoxychlor and the 1-pound 
rate of lindane remained free of the second 
generation also. 

Red-headed pine sawfly.—This insect is 
a sporadic but extremely destructive pest 
of young pines. Its seasonal history cor- 
responds to that outlined by Middleton 
(1921). During 1953, oviposition began in 
the experimental area on May 20. By 
June 15 hatching of the eggs was in prog- 
ress. Almost all larval development was 
completed by July 29. A second brood 
did not appear during the remainder of the 
season. 

The experiment was conducted on 
Scotch pine, Pinus sylvestris, approxi- 
mately 6 feet in height and heavily in- 
fested with an average of 199 sawfly larvae 
per tree. The larval instars represented 
were the third, fourth and fifth. Each di- 
lution of insecticide was applied to 4 trees 
on July 8. Data on control were obtained 
on July 10 when the trees were examined 
for live larvae. The results presented in ta- 
ble 3 show that all three insecticides used 
were effective in controlling the insect. 
Malathion was considerably more rapid 
in action than DDT or methoxychlor. 

SuMMARY.—The comparative effective- 
ness of several insecticides, and the timing 
of such pesticide applications, was investi- 
gated in field tests involving three insects 
attacking ornamental trees and shrubs. 
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Table 3.—Control of the red-headed pine saw- 
fly with insecticides. Portsmouth, R. I. July, 1953. 








Pounpbs 
IN 100 
GALLONS 
WATER 


Per Cent 


MATERIAL CONTROL 





DDT 50% WP 100.0 
97.2 


Methoxychlor 50% WP 100. 
99.2 


Malathion 25% WP ‘ 100. 
99. 





Both DDT and methoxychlor were ef- 
fective for controlling the willow flea wee- 
vil. Four sprays, each of which contained 
1 pound of either insecticide as a wettable 
50 per cent powder in 100 gallons of 

rater, applied 5, 20, 39 and 53 days after 
adult emergence began on April 29, pro- 
vided almost complete control. The two 
earlier sprays, even though containing 
twice the above-stated amount of insec- 
ticide, were not sufficient to prevent ovi- 
position and subsequent larval attack on 
some of the leaves because the over-win- 
tered adults lingered until late in July. 
Delaying the first of two applications of 
insecticide until 16 days after the adults 
began to emerge from hibernation also 
resulted in substantial larval mining. 

Fifty percent DDT, 50 per cent methox- 
ychlor and 25 per cent lindane were ef- 
fective for control of the rhododendron 
lace bug. The minimum effective amount 
of all three insecticides was 1 pound in 100 
gallons of water. One spray applied in 
early June when the over-wintered eggs 
were hatching provided control of the 
first generation and prevented re-infesta- 
tion by the second generation of the in- 
sect. 

Fifty percent DDT, 50 per cent methox- 
yehlor and 25 per cent malathion were 
effective for control of the red-headed pine 
sawfly. As little as 1 pound of any of the 
insecticides in 100 gallons of water was 
sufficient when applied to third, fourth 
and fifth instar larvae in early July. 
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Horn Fly Control with Chlorinated Insecticides' 


Gene R. DeFoutart, University of Wyoming, Laramie 


The work herein reported was begun in 
1952 mainly as a result of reports of a few 
ranchers that DDT was not as effective 
as formerly in controlling horn flies on 
cattle. Some tried other insecticides or 
added BHC to their DDT formulation. 
While re-evaluating control with DDT, 
it was deemed desirable to test several 
of the newer chlorinated insecticides to 
determine their effectiveness against horn 
flies. 

In an earlier report on horn fly control 
in Wyoming, Denning & Pfadt (1950) 
arrived at a recommendation of 1.5 per 
cent DDT water suspension spray on 
range herds and 1.0 per cent methoxychlor 
water suspension spray on dairy herds. 
They sprayed nearly 90 herds in five areas 
in the southeastern part of the state, 
from 1946-49, applying 1 to 2 pints of 
insecticide per animal to the top and un- 
derline at 150 pounds pressure. DDT wet- 
table powder, 1.5 per cent gave an aver- 
age of 27.2 days’ protection while 1.0 per 
cent methoxychlor gave 22.5 days’ pro- 
tection. 

Mernuops.—During the summers of 
1952 and 1953, 69 herds were sprayed 
with various concentrations of DDT, 
DDT-BHC, toxaphene, CS-708 dieldrin, 
heptachlor, Q-137, methoxychlor, and 
sulphoxide-pyrethrins. Only wettable 
powders were used since previous com- 
parisons (Matthysse 1946, Eddy & Gra- 
ham 1949) had shown them to be superior 
to emulsifiable concentrates for horn fly 
control. Sprays at the rate of 1} to 23 
quarts per animal were applied to the top- 
line only at 200 pounds pressure. Treated 
herds were examined as nearly as possible 


at weekly intervals and control was con- 
sidered as ended when the herd averaged 
25 or more flies per animal. Counts were 
taken in the morning when possible. 

All treated herds except four were in 
the vicinity of Wheatland, Wyoming, 
which has an elevation of 4700 ft. The 
horn fly population in that area generally 
averages between 200 and 1,000 flies per 
adult animal in untreated herds from the 
latter part of June through the first half 
of September, the largest numbers occur- 
ring during August and September. Bulls 
may carry several thousand flies. 

Sprayed herds consisted of 58 Here- 
fords, 6 of Angus, and 5 of dairy breeds. 
Three of the dairy herds were treated 
with methoxychlor, the other two with 
Q-137. 

Discussion OF Resutts.—Results are 
shown in table 1. DDT and CS-708 were 
the outstanding insecticides used. At con- 
centrations of 0.5 per cent and 1.0 per 
cent and in combination with BHC, DDT 
nearly always (except once) gave con- 
trol for at least 3 weeks, and usually 4 to 
5 weeks. Increasing the concentration of 
DDT from 0.5 per cent to 1.0 per cent. 
did not prolong protection appreciably. 
The addition of BHC did not prolong 
protection. One herd was sprayed with 0.7 
quart of 3.0 per cent DDT per animal, ap- 
plied to the shoulder area only, under 
the assumption that concentrating the 
toxicant onto a smaller area which would 
be sooner or later contacted by all of the 
flies might give a longer residual action. 


1 Published with approval of the Director, Wyoming Agri- 
cultural Experiment Station, as Journal Paper no. 40. 
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Table 1.—Control of horn flies with various insecticides, 1952-1953. 








ForMULATION! 


NUMBER 


AVERAGE 

Protection (Days) FLIES PER 
OF ANIMAL AT 
TESTS Range Average CONCLUSION 








Dieldrin, 0.06% 
0.125% 

CS-708, 0.5% 

DDT, 0.5% 

1.0% 
1.0%-+fused bentonite sulfur, 1 lb./100 gal. 
3.0% “‘spot treatment” 
0.5%+BHC .03% 

Heptachlor, 0.125% 
0.25% 
Methoxychlor, 0.5% 
Q-137, 1.0% 
Sulphoxide-pyrethrins, 5% 
Toxaphene, 0.5% 
1.0% 
1.0% +fused bentonite sulfur 1 Ib./100 gal. 
1.0%+fused bentonite sulfur 3 Ibs./100 gal. 


14-28 19. 27 
14 14 26 
14-30 26. 46 
19-35 26. 27 
20-36 28. 71 
21 21. 54 
21 21. 59 
14-30 23. 40 
14-21 16. 80 
13-14 13. 30 
20-49 30.0 34 
13-28 17.6 41 
i 7.0 34 
7-21 16.4 46 
7-27 19.8 42 
7-21 14.0 65 
18-29 22.3 55 
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1 Dieldrin 25% w.p. furnished by Julius Hyman & Co, Div., Shell Chemical Corp. CS-708 25% w. p. furnished by California 


Spray-Chemical Corp. DDT 50% w. p. and Q 


Velsicol Corp. Methoxychlor 50% w.p. and DDT-BHC (Dupont Livestock Spray no. 30) furnishe« 


-137 25% w. p. furnished by Rohm & Hass Co. oe ag ag 25% w. p. furnished by 


by E. I. du Pont de Nemours & 


Co. Toxaphene 40% w.p. furnished by Hercules Powder Co. Sulphoxide-pyrethrins furnished by S. B. Penick & Co. Fused bentonite 
sulfur furnished by Niagara Chemical Div., Food Machinery and Chemical Corp. 


This treatment provided only 21 days’ 
control. Except for one test, 0.5 per cent 
CS-708 consistently controlled horn flies 
for 4 weeks and was fully as effective as 
DDT. On one heavily infested herd that 
was surrounded by other heavily infested 
unsprayed herds, CS-708 maintained 
control for 27 days despite being subjected 
to downpours of rain totaling 4 inches 
during the week after treatment. 

Other insecticides were less effective. 
Toxaphene was erratic, on three occasions 
giving only 7 days’ control. The period of 
protection from toxaphene averaged 9 to 
10 days less than with DDT at equal con- 
centrations. Dieldrin gave surprisingly 
good control, 19.4 days, considering the 
low concentration used (0.06 per cent). 
It was deemed unwise to exceed this con- 
centration, however, especially when 
small calves were with the herd, even 
though the calves were not sprayed 
directly in any of the tests and received 
only what spray might happen to drip or 
splash onto them. Once, when the con- 
centration of dieldrin was upped_ to 
0.125 per cent only 14 days control was 
obtained. Q-137 probably cannot be 
counted for more than 2 weeks’ control 
under severe fly conditions. Methoxychlor 
is almost certainly not as good as the 30- 
day average protection figure would indi- 
cate. The test that gave 49 days’ control 


was at Torrington, where for some unap- 
parent reason flies were relatively scarce 
on dairy animals. The other two tests are 
probably more indicative of what can 
be expected with a normal fly infestation. 

The addition of fused bentonite sulfur 
at rates of 1 and 3 pounds per 100 gallons 
of water apparently did not extend pro- 
tection to any appreciable degree. 

DDT seems to be as effective as ever in 
controlling horn flies. Some of the herds 
used in this work were the same as used 
by Denning & Pfadt (1950)and have been 
treated for horn flies during 7 of the past 
8 years. In the present work, 1} to 23 
quarts per animal of 0.5 per cent DDT 
gave 26.5 days’ protection and the same 
amount of 1.0 per cent DDT spray gave 
28.6 days’ protection. Somewhere be- 
tween these two figures is the concentra- 
tion that would deposit the amount of 
actual toxicant per animal equal to that 
deposited from 1 to 2 pints of 1.5 per cent 
DDT applied by Denning and Pfadt, 
and that gave 27.2 days’ control. Other 
comparisons that can be made between 
the two sets of data also do not indicate 
any build-up of resistance to insecticides 
by horn flies. Under Wyoming conditions, 
3 to 4 applications of either 0.5 per cent 
DDT or 0.5 per cent CS-708 at a rate of 
approximately 2 quarts per animal gave 
excellent seasonal control of horn flies, 
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i. e., mid-June to mid-September. 

Back-rubber units of the type recom- 
mended by Rogoff & Moxon (1952) are 
now being used rather widely in several 
sections of the state and are doing a good 
job in open country where watering places 
are few. However, spraying with power 
equipment is still preferred by many, 
especially by those who have the equip- 
ment and whose animals are compar- 
atively easy to round-up. From limited 
observations, back-rubber units have yet 
to prove their worth in rough, brush, or 
tree-covered grazing land and in places 
where cattle have access to a considerable 
water frontage. 

SumMary.—DDT 0.5 per cent and 1.0 
per cent and CS-708 0.5 per cent applied 
at the rate of 2 quarts per animal were 
the most effective of several insecticides 
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tested as residual sprays for horn fly 
control. Each gave approximately 4 
weeks’ protection and were superior to 
dieldrin, heptachlor, Q-137 sulphoxide- 
pyrethrins, and toxaphene at the concen- 
trations used. 

The protection period was not appreci- 
ably prolonged by increasing the concen- 
tration of DDT from 0.5 per cent to 1.0 
per cent, by the addition of 0.03 per cent 
gamma isomer of BHC to 0.5 per cent 
DDT, or by the addition to toxaphene 
and DDT of fused bentonite sulfur at the 
rates of 1 and 3 pounds per 100 gallons 
water. 

There was no evidence of insecticide 
resistance in horn flies on herds that have 
received treatment in 7 of the past 8 
years. 
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The Possible Use of Microorganisms in the Control of 
the Great Basin Tent Caterpillar! 


Epwin C, Cuark and CLARENCE G. THompson,? University of California, Albany 


Bitterbrush, Purshia tridentata DC., is 
the most important range browse east of 
the Sierra Nevada-Cascade Divide in 
California (Hormay 1943). It is heavily 
utilized by deer, sheep, and cattle. 
Hormay states that on large areas this 
valuable range browse has been destroyed 
or damaged by several factors including 
repeated defoliation by the Great Basin 
tent caterpillar, Malacosoma fragilis, 
(Stretch). In many years large areas of 
the plants are completely defoliated by 
the insect. While the bitterbrush may 
survive a single defoliation and produce 
new growth and leaves in the same season, 
the new growth is frequently taken by 
grazing animals. This double defoliation 
greatly weakens the plant, and, if re- 


peated the following year, may result in 
the death of the bitterbrush and its re- 
placement by less desirable species. The 
problem of the deterioration of bitter- 
brush rangelands is of considerable im- 
portance in the management of these sites 
for sheep, cattle, and deer production. 
Inasmuch as tent caterpillars are known 
to be susceptible to several diseases, pre- 
liminary investigations were begun in 
1952 to determine the possibilities of de- 
veloping an economical control measure 
through the use of insect pathogens. 

1 Contribution from the Laboratory of Insect Pathology, De- 
partment of Biological Control, College of Agriculture, Uni- 
versity of California, Berkeley and Albany. : 

2 The authors gratefully acknowledge the advice and guid- 
ance of Dr. Edward A. Steinhaus: and the cooperation of Mr. 


Howard B. Smith of the Tahoe National Forest, California, in 
the field phases of the work. 





April 1954 Ciark & THompson: Diseases Acarnst Tent CATERPILLAR 


Some 50 years ago an inquisitive ento- 
mo!ogist tested the infectivity of what was 
presumably a polyhedrosis virus against a 
ten! caterpillar. Following a description 
of ‘he widespread effects of what he be- 
lieved to be a bacterium or fungus, Davis 
(1903) reported “a healthy colony was 
readily infected by spraying the leaves 
near the tent with water in which the 
caterpillars dead from the disease had 
been placed and broken up. Nine days 
after being infected every caterpillar of 
the colony was dead.”’ Describing the ef- 
fects on populations of the eastern tent 
caterpillar, Malacosoma americanum (F.), 
Davis stated that in the spring of 1903, 
thousands of colonies in Pennsylvania, 
New York, and New Jersey were attacked 
and decimated by the disease. 

Although there was no adequate de- 
scription of the pathogen, it is quite prob- 
able that Davis was actually dealing with 
a polyhedrosis virus rather than with a 
bacterium or a fungus. This is indicated 
by his failure to achieve cultivation of the 
pathogen, his picture of “smeared” and 
hanging caterpillars which are quite 
typical of virus-killed insects, and by the 
apparent 9-day incubation period he 
reported. 

Howard & Fiske (1911) briefly discus- 
sed the role of a ‘‘wilt’’ disease in the 
natural control of tent caterpillars in 
connection with a similar disease in the 
gypsy and brown-tail moths. Shortly 
thereafter, Chapman & Glaser (1915) in- 
cluded Malacosoma americanum and M. 
disstria Hbn. in their “Preliminary List of 
Insects which have wilt....” Glaser 
(1927) published measurements of the 
polyhedral bodies and data on the filtera- 
bility of the virus from M. americanum. 
In 1949, Steinhaus reported the isolation 
and identification of the virus particles as 
well as the polyhedral bodies recovered 
from diseased specimens of the forest tent 
caterpillar, M. disstria Hbn. and the 
western tent caterpillar, M. pluviale 
(Dyar). Bergold and McGugan (1951) re- 
covered polyhedral virus from M. amer- 
icanum, M. disstria, and M. pluviale in 
Canada. Steinhaus (1951) then added M. 
fragilis to the list of tent caterpillars 
from which polyhedrosis viruses have 
been isolated. For several years, western 
forest entomologists have been aware of 
the important role of a disease in the 
control of the Great Basin tent cater- 
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pillar, (R.C. Hall, J. E. Patterson, J.M. 
Miller, 1949).? Wasser (1952)! isolated 
the pathogen from such an epizoétic and 
by light and electron-microscopy identi- 
fied it as a polyhedrosis virus. She made 
certain cross-infectivity tests with virus 
from M. disstria, M. fragilis, and M. 
pluviale which suggested that there is no 
difference in susceptibility to the virus 
from the three sources in any of the insect 
species tested. 

In 1950 and 1951, very high populations 
of the Great Basin tent caterpillar devel- 
oped on Snowbrush, Ceanothus cordulatus 
Kell., in the Shaver Lake-Dinkey Creek, 
area, Fresno County, California. In 1952 
an epizoitic of polyhedrosis virus disease 
occured in the population and destroyed 
a large proportion of the caterpillars. Ob- 
servations made in the same area in 1953 
indicated that the number of larval 
colonies had been reduced to about 10 
per cent of the number occurring the pre- 
ceding year. In addition, most of the 1953 
population succumbed to virus-caused 
mortality in the early stages of larval 
development. In 1952; most of this 
mortality occurred in the last instar. 
Little, if any, damage by caterpillar de- 
foliation was suffered by the host plant 
in 1953 compared to complete defoliation 
in 1952. 

Judging from the above observations, 
it appears that the virus disease is (1) 
able to reduce populations of the cater- 
pillar to a very low level, and (2) may 
prevent the development of a caterpillar 
population in an area which was the site 
of an epizoétic the previous year. There- 
fore, it would appear possible that if a 
virus disease could be introduced into a 
disease-free population of caterpillars, 
control for several years with only one 
treatment might be achieved. Since bitter- 
brush land is frequently of such low eco- 
nomic value that the cost of complete and 
repeated coverage with an insecticide is 
often prohibitive, the use of the disease 
may be a particularly suitable means of 
attacking the pest. 

Fietp EXPERImMENTS.—In 1952 a stock 
of the virus material was obtained by 
spraying a heavy infestation of the Calli- 
fornia tent caterpillar, Malacosoma cali- 
fornicum (Pack.), in an abandoned or- 


3 Personal communication. _ - ‘ 
4 Unpublished data by Harriette B. Wasser, University of 
California. 
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Fic. 1. Plot series I. Changes in tent caterpillar 
population following application of suspensions of 
polyhedrosis virus, 1310®, 510°, and 0.5106 
polyhedra per ml. applied in 5 gallons of water to 
plots 1, 2, and 3 respectively. Treated June 24, 1952. 


chard in Napa County, California. One 
week after spraying, the infected larvae 
were brought into the laboratory for rear- 
ing in wooden barriers until death. The 
dead and dying caterpillars were removed 
and triturated in distilled water. This 
suspension was calibrated by hemacytom- 


eter counts of polyhedral bodies as in 
the method described by Steinhaus & 
Thompson (1949). All field tests were con- 
ducted in the vicinity of Truckee, Nevada 
County, California on populations of M. 
fragilis infesting bitterbrush. 

In June 1952, several small plots 
were sprayed with various concentrations 
of the virus. Sampling methods were not 
sufficiently adequate to lead to accurate 
estimations of population changes in the 
treated plots nor to comparisons between 
plots; but dying caterpillars were readily 
observed in all treated plots. Diagnosis by 
light microscope revealed the mortality 
was caused by a polyhedrosis. This mor- 
tality was grossly estimated at 80 per 
cent. 

In the spring of 1953, a total of nine 
>-acre plots was treated with virus sus- 
pensions. The nine plots were treated in 
three series of three plots each, and the 
different series were treated 1 week apart. 
A 4-acre control plot, sprayed with 5 gal- 
lons of water, was set up for each of the 
three series. Changes in the populations 
were estimated by removing a number of 
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colonies from the plots and counting the 
insects remaining in the colonies. The 
numbers of insects per colony showed a 
reater uniformity during the earlier 
Covel stages. As development proceeds, 
the gregarious habit of the caterpillars 
becomes weaker, the larvae spend a 
greater proportion of time feeding in 
scattered groups, and the brood from a 
single egg mass may split up to form two 
or more individual tents. In addition, 
later counts became less significant due 
to very heavy predation by a carabid, 
Calosoma sp. This beetle began appearing 
in great numbers about July 14, when the 
host caterpillars were in the II, IV, V 
instars, and destroyed or scattered the 
members of a large number of colonies. 
These difficulties in population estima- 
tions forced the discontinuance of the 
final series of plots. 

Plot Series I.—These three plots were 
treated June 24 with the host insect in 
the I, II, II instars. The plots were 
located adjacent to each other, and the 
control plot was located at the upwind 
end of the line. Five gallons of suspension 
were applied with a back-pump sprayer. 
Virus concentrations expressed as poly- 
hedra per ml. of final suspension were 
approximately 13 X10°, 510°, and 
0.5 X 10° for plots 1, 2, and 3, respectively. 

The first insect mortality was observed 
on the eighth day following treatment. 
Counts made on the ninth day indicated 
a sharp drop in the population on plot 1, 
and a less rapid decrease in plots 2 and 3. 
The average number of insects per tent 
on all three plots continued to decrease, 
and between the 13th and 21st day the 
averages reached approximately 9, 21, and 
12 for plots 1, 2, and 3 as compared with 
an average of 84 insects per tent on the 
control plot. Following the 21st day, the 
counts on the control dropped rapidly to 
an approximate average of 34 on the 28th 
day (Figure 1). As indicated above, the 
method of estimation used did not give 
an accurate reflection of the actual pop- 
ulation on the plots during these last 
stages of larval development. This ap- 
parent descrease in population numbers 
on the control plot was primarily due to 
larval wandering which reduced the 
significance of counts of insects per tent. 
Some of this apparent decrease, however, 
resulted from the activites of the pre- 
dacious beetle and was real. 
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April 1954 CuarK & Tuompson: DisEAses AGAINST TENT CATERPILLAR 


‘hat virus disease played little or no 
role in the untreated population was 
shown by continued examination of tents 
removed for counting and tents left on 
the plot, neither of which revealed deaths 
due to virus. In addition, several hundred 
tents were collected in the immediate 
area for mass production of the virus; 
close inspection of these tents at the time 
of collection showed that less than 1 per 
cent contained one or more insects with 
polyhedrosis symptoms. 

On the treated plots, however, dead 
larvae were observed on almost every 
tent, and repeated microscopic examina- 
tions disclosed polyhedra in nearly every 
case. In the field, polyhedrosis-killed 
tent caterpillars can usually be readily 
identified by the smearing of the body 
contents over a tent or a twig, the bright 
organge color frequently observed in 
fresh smears of the cadavers, and the 
frequently observed posture of hanging 
by the prolegs. 

Plot Series II1.—The three plots in this 
series were treated July 1. They were 
located adjacent to each other, with the 
control plot nearby, and were several 
miles from Series I. The virus suspensions 
were applied with a 15-gallon power 
sprayer equipped with a 60-ft hose. Con- 
centrations of virus were 6 X 10°, 3.1 X 10°, 
and 1.5 10° polyhedra per ml. for plots 
4, 5, and 6, respectively. Virus caused 
mortality was evident on all plots on the 
8th day; counts taken on the 9th day in- 
dicated the populations had been reduced 
to 46 per cent, 69 per cent, and 57 per 
cent of that occurring on the control plot. 
By 14th day, treated populations on 
plots 4, 5, and 6 were 6 per cent, 18 per 
cent, and 32 per cent of that found in the 
non-treated population (Figure 2). De- 
struction by the Calosoma beetle was so 
widespread that further counts were not 
possible. No disease was observed in the 
control plot. 

Discussion AND ConcLusions.—It was 
found possible to initiate virus epizodtics 
in the tested population of the Great 
Basin tent caterpillar, Malacosoma fragilis 
(Stretch). The virus concentrations used 
were generally much heavier than the 
minimum found necessary for either the 
alfalfa caterpillar, Colias philodice eury- 
theme Bdvl. (Thompson & Steinhaus 
1950) or the European pine sawfly, 
Neodiprion sertifer (Geoff.) (Dowden & 
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Fig. 2. Plot series II. Changes in tent caterpillar 
population following application of suspensions of 
polyhedrosis virus, 610°, 3.1X10*, and 1.5108 
polyhedra per ml. applied in 5 gallons of water to 
plots 4, 5, and 6 respectively. Treated July 1, 1953. 


Girth 1953). In addition, the rate of total 
suspension application (10 gallons per 
acre) was twice that used in the alfalfa 
caterpillar work. 

Bergold (1951) reports the results of 
infecting two very large laboratory pop- 
ulations of Malacosoma disstria with a 
polyhedrosis virus. In the one, in which 
the caterpillars were reared in wooden 
barriers, death ‘“‘presumably through 
virus” reached 93.5 per cent. In the 
second, in which the caterpillars were 
reared indoors on trees, the insects dead 
of virus ranged from 3.8 per cent to only 
10.4 per cent. He also reports individual 
larval feeding tests that indicated “‘a very 
high immunity of the forest tent cater- 
pillar population used in the experi- 
ments.” He believes, in regard to possible 
immunity, “The results of the feeding 
experiments, considered in relation to the 
occurence of various epidemics in various 
field populations, suggests a_ possible 
genetic relationship as was previously 
proposed in the case of the gypsy moth 
by R. W. Glasser.” 

Twenty-eight days following the treat- 
ment of plot 1 in the 1953 tests reported 
here, 45 larvae which had survived the 
treatment were removed and returned to 
the laboratory. These were set up indi- 
vidually in }-pint cartons and fed bitter- 
brush foliage that had been dipped in a 
heavy suspension of polyhedral bodies. 
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All larvae died and all were found to be 
infected with polyhedrosis virus. This 
may suggest that if immunity was re- 
sponsible for the survival of these in- 
dividuals in the field tests, such possible 
immunity was not absolute or long-last- 
ing. An equally reasonable possibility for 


Vol. 47, No. 2 


in the original field application. The ques- 
tion of variations in immunity among 
different populations of Great Basin tent 
caterpillars will require extensive field 
studies. Meanwhile, these preliminary 
results indicate that experimentation 
with commercial methods of application 


these “‘escapes”’ was a lack of uniformity are warranted. 
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Tolerance of Cucumbers to Component Compounds 


of Technical DDT 


Grorce B. MacCouium, Dept. of Entomology, Cornell University, Ithaca, N. Y. 


Soon after DDT became available com- 
mercially, it was reported in some in- 
stances that the material was phytotoxic 
to curcurbits. Underhill (1945), Tate et 
al. (1945) and Dudley (1947) were among 
the workers reporting this DDT phyto- 
toxicity. Certain varieties of cucumbers 
were particularly susceptible, and as a 
result, DDT, in many states has not been 
recommended for cucumbers. Carruth 
& Howe (1948) showed that DDT ap- 
proaching aerosol grade was less injurious 
to squashes. Matthewman et al. (1950) 
reported that of 12 varieties of cucum- 
bers tested, six showed tolerance to DDT, 
and six showed susceptibility. The six 
showing susceptibility also showed it 
toward the aerosol grade, while the other 
six did not. 


In tests conducted at the Long Island 
Vegetable Research Farm, aerosol grade 
DDT, while lessening the phytotoxic 
effect to Niagara cucumbers, failed to 
lessen it appreciably. The _ possibility 
arose as to whether or not some material 
might work as a safening agent. Lucas & 
Hamner (1947), and Weaver (1948) were 
able to inactivate plant growth regulators 
with activated charcoal. Glass (1950) 
reported that parathion injury to apple 
foliage was reduced by the addition of 
carbon. This led to the choice of activated 
charcoal as a possible safening agent for 
DDT on cucumbers. 

When activated charcoal! was included 


1 Aqua Nuchar provided by the West Virginia Pulp and Paper 
Company. 
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Table 1.—Vine length of Niagara Cucumbers 
as a criterion of phytotoxicity resulting from five 
applications of 2 per cent DDT dusts. Riverhead, 
New York, 1952. 


—_— 








TREATMENT 
MEAN OF 
VinE LENGTH 
(INcHEs) 


RATIO OF 
CHARCOAL 
to ACTUAL 
Grave or DDT DDT 





Purified! None 187.1 
Purified 1-1 229.1 
Technical! None 62.1 
Technical 1-1 208.1 
Technical 3-1 276.9 
Technical 6-1 279.9 
Technical 12-1 278.8 
Check 311.7 





L.S.D. 5 per cent —21.18 
1 per cent —28.34 





1 Furnished by the Geigy Company, Inc. 


in a 2 per cent DDT dust formulation at 
the rate of three parts of charcoal to one 
part of actual DDT, the phytotoxic effect 
was greatly reduced as shown in table 1. 
A higher ratio of charcoal to actual DDT 
failed to give any further reduction in the 
phytotoxie effect, which indicated that a 
ratio of three parts charcoal to one part 
actual DDT gave the maximum safening 
effect. 

The first application was made when 
the first true leaves were beginning to 
show. The other applications were made 
at weekly intervals, and the plant meas- 
urements were taken 1 week after the 
last application. 

The chemical stability and insolubility 
in water of DDT is well known, but the 
safening effect of the charcoal raised the 
question as to whether or not the phyto- 
toxicity was due to a very small water 
soluble fraction of the DDT. This was 
considered, since charcoal of this nature 
is used extensively in water purification, 
and in other industrial and chemical oper- 
ations where undesirable odors, impuri- 
ties, and colors are to be removed. 

A greenhouse test was conducted to 
determine if a small water soluble frac- 
tion was the cause of the phytotoxicity. 
A spray suspension representing 6 pounds 
of a 50 per cent technical DDT wettable 
powder in 100 gallons of water was agi- 
tated for 3 hours and then filtered three 
times using a No. 12 Whatman filter 
paper (Filtrate A). The residue was re- 
suspended in anequal volume of water for 
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Table 2.—Phytotoxic effects of DDT filtrates 
on Niagara cucumbers. Ithaca, New York, 1953. 








TREATMENT 


Vine 
Rate Weight 
DDT (Inches) (Gms.) 


. 50% wp 


TREATMENT 
Filtrate A 
Resuspended 
residue 
Filtrate B 
DDT w.p. 
Check 


. 50% wp 
100% 
. 50% wp 





comparison with filtrate A. Filtrate B 
represents the filtrate from 6 pounds of a 
100 per cent technical DDT in 100 gallons 
of water. The technical material was 
ground in sand, which was then placed 
in water and agitated for 3 hours and then 
filtered three times through a No. 12 
Whatman filter paper. These treatments 
were applied in the greenhouse to young 
Niagara cucumber plants just showing 
their first true leaves. 

As shown in table 2, neither filtrate 
had a detrimental effect on the growth 
of the plants, but the resuspended residue 
and an original unfiltered spray suspen- 
sion representing 6 pounds of a 50 per 
cent DDT wettable powder in 100 gal- 
lons of water caused severe stunting of the 
plants. This eliminated the possibility 
of any water soluble component fraction 
being the cause of phytotoxicity. From 
this it was evident that some non-water 
soluble component of the DDT was the 
cause of injury, and that this component 
was being adsorbed to such an extent by 
the charcoal, that the injury was lessened. 

The work of Haller et al. (1945) showed 
that five compounds are the major con- 
stituents of technical DDT. Their ap- 
proximate per cent composition of the 
technical material is as follows: 

72.7% 
19.0% 
4.0% 


1.85% 
0.6% 
The op’ DDT was supplied by the 
Geigy Company Inc. The pp’ DDT was 
optained by repeated recrystallizations 
of the technical material from ethyl al- 
cohol. The other three compounds were 
synthesized in the laboratory in sufficient 
quantity to carry out these tests. In addi- 
tion to these compounds, a dehydro- 
halogenated DDT or DDE was also used. 


para para DDT 

ortho para DDT 

para para DDD 

2-Trichloro-l-o-chlorophenylethy| 
p-chlorobenzenesulfonate 

Dichloro dipheny] sulfone 
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Table 3.—Tolerance of Niagara cucumbers to 
component compounds of technical DDT, River- 
head, New York, 1953. 








TREATMENT MEAN 





Weight Length 


TREATMENT (Grams) (Inches) 





pp’ DDT 4.447 4.47f 
op’ DDT 5.94¢ 12 
pp’ DDD 10.31 3.50 
Technical DDT 3.31t 91t 
Solvent check 7.81 37 
Check 10.62 3.12 
Dichloro dipheny] 
sulfone 1¢ 
2T l-o CpCS s 
DDE 5 
LS.D. 5%—0.68* 5%—0.28* 
1%—0.84¢ 1%—0.37¢ 


).37 25 
.12 3.50 
.25t .03* 








This was obtained by refluxing the tech- 
nical material in aleoholic KOH and sub- 
sequent recrystallization from ethyl al- 
cohol. 

The five component materials were 
applied in an emulsion spray at three 
times the concentration they are found in 
the technical material. An emusifiable 
concentrate was made for each compound 
on this basis. Each compound was dis- 
solved in 4 cc. of acetone, to which 14 
ce. of Triton X-100 was added, the result- 
ing concentrate then being added to 1 
pint of water. A Smith Streamline Bliz- 
zard Continuous Sprayer was used to ap- 
ply the material to young Niagara cucum- 
ber plants in the greenhouse, each pot 
receiving approximately 5 cc. of spray 
material. This quantity proved sufficient 
to thoroughly wet the plants without caus- 
ing any runoff. In addition to the five 
compounds mentioned, DDE and _ tech- 
nical DDT were also used. These were 
applied in an emulsion spray, equivalent 
to 3 pounds actual technical DDT per 
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100 gallons of water in the same manner 
as for the other compounds. 

Criteria for phytotoxicity were meas- 
ured by the weight of the plants in grams, 
and by the length of the plants in inches 
from the growing point to the stem at 
soil level. These measurements were taken 
25 days from the time of treatment. This 
test was repeated three times with equiva- 
lent results. 

Significant differences shown in table 
3 are measured from the solvent check, 
as the solvent had a depressing effect on 
the growth of the plants. 2-Trichloro-1-o- 
chlorophenylethyl p-chlorobenzenesul fo- 
nate has been shortened to 2T 1-0 CpCS 
in table 3. 

Technical DDT caused very severe 
injury to the plants, the growth being 
significantly poorer than any other treat- 
ment. The 19 per cent of the op’ DDT 
retarded growth almost as much as the 73 
per cent of the pp’ DDT. DDE also re- 
duced growth significantly from the sol- 
vent check, indicating that dehydro- 
halogenation of DDT does not alter the 
phytotoxic characteristic. The other com- 
pounds appeared to have no phytotoxic 
effect to the plants when applied at the 
rate present in 3 pounds of technical DDT. 

SumMARY.—In general it appears that 
Niagara cucumbers are retarded as much 
by the 19 per cent of op’ DDT present in 
3 pounds of technical material as by the 
73 per cent pp’ DDT that it contains. 
pp’ DDD, dichloro dipheny! sulfone, and 
2T 1-o CpCS when applied at the rate 
present in 3 pounds of technical material 
appeared to have no retarding effect 
upon the growth of the plants. 

This would seem to indicate that DDT 
phytoxicity to Niagara cucumbers is 
primarily associated with the pp’ and op’ 
isomers of DDT. 
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Response of Insects to Black and White Light! 
S. W. Frost, The Pennsylvania State College 


‘These experiments are a continuation of 
those reported in 19537. Two Minnesota 
traps of similar construction were op- 
erated at State College during the summer 
of 1953. The traps were hung 8 feet above 
the ground and were controlled by a time 
switch which turned them on and off 
simultaneously. The operation period 
varied from 8:30 or 9 P.M. to 4:30 or 5 
a.M., depending upon the intensity of the 
daylight at various periods of the summer 
In the first test, conducted from May 11 
to July 16, the traps were separated by a 
distance of 100 feet with intervening foli- 
age so that one light was not visible from 
the other. In the remaining tests the 
traps were hung adjacent to each other 
so that the lamp of one was 3 feet from 
that of the other. The collection and 
separation of the material was conducted 
as in 1952, that is, all the insects were 
identified to Order, Family and when 
desirable to Genus and Species. Identifica- 
tion to species was necessary in the case 
of insects such as the codling moth, the 
European corn borer and the elm leaf bee- 
tle. 

A 100 watt BH 4 General Electric lamp 
with a red-purple filter emitting consider- 
able invisible ultra violet light between 
3000 and 3800 Angstroms, was compared 
in all the tests with white frosted filament 
lamps varying from 10 to 100 watts. In 
speaking of the wattage of lamps in this 
paper reference is made to the input, as 
is the general practice, not the output. As 
in 1952, the BH 4 lamp is referred to as 
black light and the filament lamp, as 
white light. The spectral energy distribu- 
tion of the BH 4 lamp is given in the re- 
sults of the tests of 1952.2 This lamp 
with the red-purple filter which was used 
in these experiments as well as those of 
1952 emits less than 1 watt. The 10-watt 


white filament lamp emits approximately 
the same. The intensity of the BH 4 
lamp in foot-candles is approximately 
the same as that of a 10-watt white fila- 
ment lamp. The comparisons were made 
chiefly on this basis. 

Table 1 summarizes the catches for 
1953. In studying these results it should 
be remembered that certain insects are 
seasonal, they fly at different periods of 
the summer and therefore catches during 
May and June cannot be compared direct- 
ly with those of July and August. It 
should also be noted that the traps were 
operated in the borough of State College 
where some insects such as the European 
corn borer and the cucumber beetles are 
not as abundant as they are in open areas. 
Although the temperature, precipitation 
and wind velocity varied throughout the 
summer, all the tests were conducted in 
the same locality and these factors can 
be eliminated as variables. The position 
of the light traps, that is whether operated 
apart or together, yielded quite different 
results. It is evident that larger propor- 
tional catches occur when lights of equal 
intensity are operated separately. 

In drawing conclusions concerning the 
effectiveness of black and white light, 
careful comparisons should be made be- 
tween the figures obtained in 1952 and 
those secured in 1953. During 1952, 100- 
watt black light and 100-watt white light 
were operated separately. During 1953, 
they were operated together. 

To condense the material in the table, 
insects that did not come freely to the 
lights are combined under the heading 
“Other insects” for those particular 


1 Authorized for publication on October 31, 1953 as paper 
No. 1835 in the Journal series of The Pe nnsylv anian Agricul- 
tural Experiment Station. 

2 Jour. Econ. Ent. 46(2): 376-7. 1953. 
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Table 1.—Insect catches from black and white light, 1953. 
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100W 
BH 4 
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Culicidae 40 
Anthomyiidae 183 
Empididae 376 
Borboridae 520 
Tipulidae 

Drosophilidae 
Lonchopteridae 
Agromyzidae 

Phoridae 

Midges 

Other Diptera 

Total Diptera 
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Staphylinidae 
Scolytidae 
Lampyridae 
Elateridae 
Chrysomelidae 
Phyllophaga 
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Other Coleop 
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Micro Lepidop. 
Noctuidae 
Tortricidae 
Codling Moth 
Crambidae 
Other Lepidop. 
Total Lepidop. 


Aphididae 68 
Cicadellidae 5,483 
Miridae 146 
Chrysopidae 7 
Psocidae 20 
1,012 

9 


372 
2,739 


Trichoptera 
Ephemerida 
Hemerobiidae 5 

Hymenoptera 272 42 
Total Mise. 7,022 1,488 
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groups. For example, only a very few 
European corn borer adults were trapped. 
These are, therefore, included under 
“Other Lepidoptera.” 

The Rhyphidae and Chloropidae, which 
were counted separately, are included 
under “other Diptera.” The midges in- 
clude the Ceratopogonidae, Cecidomyidae, 
Chironomidae, Psychodidae and Simu- 
liidae. The large catches of Drosophilidae 
which were consistent is illuminating and 
may lend a clue for control. 

The Carabidae are rather frequent 
visitors to lights, however, most of them 
are not pests of plants. Since only 22 
specimens of Clivinia impressifrons, an in- 
teresting species of some economic im- 
portance in corn areas, were taken, they 
are included with the Carabidae. 

The Chrysomelidae include the spotted 
cucumber beetle, Diabrotica wundecim- 
punctata howardi, the ‘striped cucumber 
beetle, Acalymma vittata, and the elm 


leaf beetle, Galerucella xanthomelana. Only 
the latter came in sufficient numbers to 
warrant discussion. From July 27 to 
August 5, 78 specimens were taken at the 
black light and only two specimens at the 
white light. From August 6 to August 16, 
92 specimens were taken at the black 
light and 50 specimens at the white light. 

The Curculionidae, — Bostrichiidae, 
Pselaphidae and an aquatic species 
Berosus pantherinus are included under 
“other Coleoptera.” Thirty specimens of 
Berosus pantherinus were taken from July 
6 to July 16, all from the black light. 

“Other Lepidoptera” include small 
catches of the European corn_ borer, 
Pyrausta nubilalis, the grape leaf folder, 
Desima funeralis, the eastern tent tree 
caterpillar, Malacosoma americana, some 
Sphingidae, numerous Geometridae, 
Noctuidae not the cutworm class and 
others. 

The catches of the diamondback moth, 
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Plutella maculipennis, were very small 
totalling only 109 from all tests. They are 
included with the Microlepidoptera. 

The Noctuidae comprise the commen 
cutworms, Noctua c-nigrum, Feltia sub- 
gothica, Cirphis unipuncta, and several 
species of Autographa. Each species was 
recorded separately. 

The Tortricidae include numerous 
species. The most common are, Archips 
rosaceana, Lapeyresia prunivorella and 
Sparganothis sulfureana. 

The Hymenoptera include ants and 
numerous parasitic species which were 
not identified. 

It is very evident that more insects are 
generally attracted to black than to white 
light when the intensities in foot candles 
are approximately the same. If black and 
white lights of equal intensities are op- 
erated together the attraction is even 
more pronounced in favor of the black 
light. It therefore appears that black light 
traps might be used in the proximity of 
white lights to draw the insects away 
from them. 

Diptera in general respond freely to 
black light. The Drosophilidae and the 
midges were especially noteworthy and 


in every case regardless of the position 
of the trap or the intensity of the lamp 
were more strongly attracted to the black 
light. The mosquito catches were not 
large enough to give significant compari- 
sons. In 1952 black and white lights of 
equal wattage input attracted mosquitoes 


in approximately the same numbers 
indicating that if lights of equal inten- 
sities were used the catches at the black 
light would be greater. In 1953 the lights 
were compared on the basis of equal foot 
candles and the black light was far more 
attractive. 

The majority of the Coleoptera do not 
respond to lights as freely as the Diptera. 
However, regardless of the intensity of 
the light or the position of the traps, they 
generally came more freely to the black 
light. The Phyllophaga and the Lampy- 
ridae may be exceptions. Unfortunately 
the Phyllophaga were not taken in suf- 
ficent numbers to draw satisfactory con- 
clusions. It would appear that the black 
and white lights are equally attractive 
when oprated on the basis of equal foot 
candles. The Lampyridae seem to follow 
the same pattern. 

Moths are known to respond freely to 
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lights. In practically all cases more in- 
dividuals came to black than to white 
light regardless of the intensity of the 
light or the position of the trap. The 
Microlepidoptera responded even more 
freely to black light than the Macro- 
lepidoptera. This was evident in 1952 
when 100-watt black light was compared 
with 100-watt white light operated separ- 
ately. The figures for 1953 show the same 
trend even when lights of the same watt- 
age were operated together. 

The Noctuidae came more freely to 
black than to white light of the same 
intensities. White light of higher inten- 
sity, whether operated together or apart 
was more attractive. 

The figures for codling moth, although 
small, show unquestionably that they 
are more freely attracted to black light. 
The same is generally true of all of the 
Tortricidae. 

The Crambidae were attracted in large 
numbers to black light in 1953 regardless 
of the position of the traps or the inten- 
sity of the lights. When 100-watt black 
and 100-watt white lights were operated 
separately in 1952 the catches were 
approximately the same. 

The aphid figures are too small to draw 
conclusions. Aphids are not nocturnal 
and only relatively small catches could 
be expected. It is possible that they were 
attracted at dusk or at dawn and were 
considerably affected by slight air cur- 
rents in the vicinity of the traps, result- 
ing in unreliable data. The few figures 
obtained indicate that they are probably 
attracted about equally to black and 
white light. 

The Cicadellidae responded more freely 
to the black light under the conditions 
maintained during 1953. Larger catches 
were obtained from white light in 1952 
when 100-watt black and 100-watt white 
lights were operated separately. 

The Miridae no doubt responded more 
freely to the white light. This was pointed 
out in 1952 when 100-watt black and 100- 
watt white lights were operated separate- 
ly. Larger catches were obtained in 1953 
at white light of 25, 50 and 100-watt 
levels when the traps were operated to- 
gether. However, a 10-watt white lamp 
caught less than a 100-watt black light 
when operated together. 

The Trichoptera very definitely re- 
sponded more freely to black light. This 
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was evident under all conditions during 
1953 and bear out the conclusions reached 
in 1952. Separate counts were made of the 
Microtrichoptera (Hydroptilidae) which 
show the same trend. 

Insufficient data is available for the 
Chrysopidae and Psocidae. Both seem to 
be more strongly attracted to white light. 

The Hymenoptera are not generally 
recognized as night fliers however con- 
siderable numbers have been taken at 
lights. Under the conditions of 1953 they 
seem to be more strongly attracted to the 
black light. 

SumMary.—In practically all cases the 
black light attracted more insects than 
the white light regardless of the position 
of the traps or the intensity of the lights. 
Exceptions occur chiefly in the Miridae 
and the Chrysopidae which apparently 
respond more freely to white light. The 
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following table summarizes the results of 
the more outstanding groups. 


The relative response of insects to black 
and white light 








Waite 
Licur 


Back 


Group Licut 





moderate slight 
high moderate 
high moderate 
high moderate 
high slight 
high slight 
moderate moderate 
moderate slight 
high moderate 
moderate moderate 
high moderate 
moderate moderate 
slight moderate 
high slight 
moderate slight 


Culicidae 
Drosophilidae 
Other Diptera 
Coleoptera 
Microlepidoptera 
Noctuidae 
Tortricidae 
Codling moth 
Crambidae 
Other Lepidoptera 
Cicadellidae 
Miridae 
Chrysopidae 
Trichoptera 
Hymenoptera 


Propagation of Horogenes molestae, an Asiatic Parasite of 
the Oriental Fruit Moth, on the Potato Tuberworm 


H. W. AuLen, Entomology Research Branch, Agr. Res. Serv., U.S.D.As 


Horogenes molestae (Uchida), which was 
imported and extensively colonized from 
1932 to 1937 (Allen et al. 1940), showed 
a far greater ability to attack the oriental 
fruit moth, Grapholitha molesta (Busck), 
than did any of the other 23 foreign para- 
sites that have been colonized. Despite 
an initial high rate of increase at numer- 
ous colony locations, this species seems 
to have disappeared as a parasite of the 
oriental fruit moth in the United States. 

During the early 1940’s a great im- 
provement was made in the propagation 
of the North American parasite Macro- 
centrus ancylivorus Rohwer through the 
use of the potato tuberworm, Gnorimos- 
chema operculella (Zell.), as a breeding 
host, by a technique developed by the 
University of California and the Cali- 
fornia Agricultural Experiment Station 
(Flanders 1943) and (Finney et al. 1947), 
and along other lines by the Bureau of 
Entomology and Plant Quarantine at its 
laboratory at Moorestown, N. J. This 
parasite has been used extensively in mass 
liberations. 


Because Horogenes had shown promise 
as an oriental fruit moth parasite, it was 
considered desirable to import it once 
more, to try to develop a better breeding 
technique on the tuberworm as a host. If 
this attempt proved to be successful, it 
was planned to use Horogenes as well as 
Macrocentrus ancylivorus in mass libera- 
tions. The tuberworm is more readily 
reared than the oriental fruit moth and 
‘an be propagated on potato, which is al- 
ways readily obtainable. Rearing of the 
oriental fruit moth requires much more 
labor per unit of production, special light- 
ing to prevent hibernation, and the use 
of small green apples that are reasonably 
free of fungi, worms, and poison residues, 
which cannot be obtained readily or in 
large quantities. 

First ATTEMPTS AT BREEDING ON 
TuBERWoRMS.—In 1949 an opportunity 
to secure a breeding stock of Horogenes 
was presented when J. W. Ingram of the 
Bureau went to Japan on a special assign- 


1E. L. Plasket assisted in these studies. 
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ment. He was able to arrange for K. Sato, 
formerly employed on the Bureau’s 
oriental fruit moth investigations, to col- 
lect oriental fruit moth larvae from a sec- 
tion where this parasite was known to 
occur, and to ship the cocoons to Moores- 
town. From a shipment of several thou- 
sand cocoons received late in the summer, 
45 females and 23 males of Horogenes were 
reared. These parasites were used in 
several successive exposures with the 
oriental fruit moth in sliced green apples, 
and with the tuberworm in potatoes. 
Enough progeny were obtained from the 
oriental fruit moth to continue the propa- 
gation. 

The results with the first parasites ex- 
posed to tuberworms were discouraging. 
From September 2 to 19 five lots of tuber- 
worms were exposed under excellent rear- 
ing conditions to Horogenes females 
emerging from the imported material. 
From these lots 3,116 tuberworm moths, 
10 females and 4 males of Horogenes 
emerged. Although few parasites were 
bred from this host, they appeared nor- 
mal. The propagating rate was so low 
that there seemed no prospect of increas- 
ing, or even of successfully maintaining 
the parasite on this host. Apparently the 
adult parasites did not oviposit freely in 
the tuberworms. For the 196 female-days 
of exposure to breeding parasites, the 
propagation was only 0.07 parasite per 
female-day, and the rate of parasitization 
only 0.4 per cent. In the best of these lots 
the propagation was 0.12 parasite per 
female-day and the parasitization 0.7 per 
cent. 

BREEDING ON MIxTURE OF ORIENTAL 
Frurr Morus AND TuBERWORMS.—Soon 
after the emergence of the F; generation 
of Horogenes, halves of green apples 
pinned to halves of potatoes along the cut 
surfaces were stocked with mixtures of 
oriental fruit moth and tuberworm eggs. 
Many of the newly hatched larvae of both 
host species entered at the junction of the 
cut surfaces, and during the first few days 
after entry were intermixed in this area. 
This method of presenting the hosts had 
the desired effect. Horogenes females im- 
mediately attacked the larvae along this 
Junction, and parasitized the tuberworms 
at least as freely as they did the oriental 
fruit moths. 

In the first test of this method, adults 
of the F, generation, obtained mainly 
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from the oriental fruit moth, were used 
in seven successive exposures to fruit 
moths and tuberworms in apple-potato. 
In this test there were an estimated 90 
female-days of exposure to the breeding 
parasites. The host mixture produced 
2,993 unparasitized tuberworms, 136 un- 
parasitized oriental fruit moths, and 212 
Horogenes cocoons. Most of the cocoons 
were reared from the tuberworms. Of 25 
host remains accompanying Horogenes 
cocoons that were examined microscopi- 
cally, all were tuberworms. The 7.1 per 
cent parasitization and the production 
rate of 2.4 parasites per female-day 
showed that this method was successful 
as a means of stimulating the parasite to 
propagate in the tuberworm. In one check 
lot in which apple-potato halves were 
stocked with tuberworms but no oriental 
fruit moths were exposed to females of 
the F; generation, the parasitization was 
only 1.3 per cent. 

During the winter of 1949-50 small- 
scale breeding of this parasite was con- 
tinued through several generations on the 
tuberworm in mixture with the oriental 
fruit moth reared in the apple-potato 
halves. Several examinations showed that 
nearly all the parasites obtained from the 
mixture issued from the tuberworms. 
However, when the season arrived for 
increasing the propagation for mass libera- 
tions, the method was found to require 
too much labor for the results obtained. 
A change was made to spraying the tuber- 
worm-infested potatoes with an ether ex- 
tract of oriental fruit moth larvae.? A 
satisfactory rate of production followed. 

During the following 4 months a large 
amount of work was done with extracts 
of the fruit moth applied to tuberworm- 
infested potatoes. Finally a technique was 
developed of rolling the infested potato, 
just before inoculation, in a mixture of 
finely ground apple that had been heavily 
infested with oriental fruit moths and 
ethyl alcohol. 

In August a series of tests was set up 
in which there were check lots of tuber- 
worms that had not been treated with any 
attractant. Parasitization by Horogenes 
in these checks was about as high as in 
any of the lots treated with attractants, 
providing the first evidence that a strain 


2 This change, suggested by M. H. Brunson, was made by 
W. P. Yetter, temporarily in charge of mass breeding. 
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suitable for breeding in the tuberworm 
had been segregated. This development 
had occurred in about 11 generations. 

For several months after this discovery 
the routine breeding in  tuberworms 
treated with alcoholic extracts of ground 
apple was continued, since it was sus- 
pected that the high parasitization ob- 
served in the no-attractant checks might 
be due to oriental fruit moth odors wafted 
into the inoculation cages either from 
breeding lots of that host or from attract- 
ants prepared from it that were present 
in the vicinity. However, in the summer 
of 1951 lots of tuberworm-infested pota- 
toes not treated with fruit moth attract- 
ants were exposed to Horogenes in a sec- 
tion of the insectary free of any oriental 
fruit moth odors. The parasitization was 
as high as in similar lots reared close to 
the place where the fruit moths were 
reared, or to other lots treated with at- 
tractants. The use of attractants was then 
discontinued. 

Routine BREEDING ON TUBERWORMS. 
—At the end of 1952 Horogenes had been 
reared for more than a year on tuber- 
worms not treated with attractants. It 
was concluded that, after a little more 
than 3 years and about 39 generations, a 
laboratory strain that can readily be prop- 
agated on the tuberworm had been de- 
veloped. Although attractants were used 
in the early period of propagating it in 
the tuberworm, and they appear to have 
contributed to the rapid segregation of a 
strain that breeds freely on the tuber- 
worm, such stimulation is no longer 
needed. 

The propagating technique is as fol- 
lows: All rearing is at 80° F. Tuberworm 
eggs are obtained on paper sheets, heated 
in hot water at 117° for 20 minutes to 
control Nosema disease, incubated for 2 
days, and transferred to punctured potato 
at the rate of about 25,000 eggs to two 
6-pound lots of B size in one breeding 
tray. As soon as hatching is completed 
and minute spots of frass begin to show, 
females of Horogenes are introduced and 
provided with honey on waxed-paper 
strips and drinking water in wet cotton. 
The parasites are kept in the trays for 3 
to 4 days on racks in a walk-in breeding 
chamber, which is kept well lighted and 
moderately humidified (60 to 75 per cent). 
About 20 females are used per pound of 
potato, and since the parasites are pro- 
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ductive over long periods, they are trans- 
ferred from one tray of potatoes to an- 
other, as long as they remain vigorous. In 
each successive batch enough new para- 
sites are added to maintain the desired 
number of breeding females per tray. 

After exposure to parasites the tuber- 
worm-infested potatoes in each tray are 
divided into two 6-pound lots. Each lot is 
provided with a bundle of corrugated- 
paper cocooning strips and sealed in a bag 
of unbleached muslin by means of paper 
staples overlaid with masking tape. The 
bags are spread out on racks in a low- 
humidity (35 to 50 per cent) walk-in 
breeding chamber in which the air is 
continuously and powerfully circulated 
and evacuated. As soon as the moths be- 
gin to emerge, the bags are opened and 
the cocooning strips and the spent pota- 
toes, which are usually well stocked with 
parasite cocoons, are returned to the 
trays for the emergence period. The trays 
are returned to the moderately humidified 
breeding chambers. The cycle from the 
start of the incubation of the host eggs to 
the completion of parasite emergence 
takes about a month. 

The technique is essentially the same 
as that used in the first lots reared without 
attractants. In 1952, 20 6-pound lots of 
tuberworm-infested potatoes were ex- 
posed to a total of 743 female parasites. 
The parasites reared from these females 
from June 1 to July 15 totaled 15,766, of 
which 5,101 or 32.4 per cent were females. 
The propagating rate per breeding female 
was 6.9 females. The number of parasites 
produced per pound of potato was 131 (42 
females). Although this propagating rate 
is somewhat lower than that of Macro- 
centrus ancylivorus, which is propagated 
in the same manner, the technique is 
practicable. In 1952 there were 9,100 
female-days of exposure to breeding para- 
sites; hence the production was 1.7 adult 
parasites per female-day of exposure. 
This was 24 times the rate observed in the 
imported parasites, which were the first 
exposed to the tuberworm. 

Discussion.—The speed and ease with 
which Horogenes molestae has adapted it- 
self to an alien host suggest that the 
method might be adapted to the propaga- 
tion of other beneficial insects, or even 
that it might be used to assist in the ac- 
climatization of an imported species. ‘lhe 
segregation of this strain is similar in 
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most respects to the screening out of sus- 
ceptible populations of strains resistant to 
insecticides. However, it differs in one 
way. It seems to depend on the develop- 
ment of an increased inheritance of a 
favorable behavior, the willingness to 
seek out and attack an unnatural host, 
whereas in strains resistant to insecticides 
there appears to be an inheritance of 
favorable physiological or anatomical 
characters. Since it has been shown in this 
species that a strain can be easily and 
quickly developed that has a behavior 
trait not previously well established but 
necessary for survival in the new environ- 
ment, it seems possible that many bene- 
ficial species, in which initial attempts to 
colonize in a new area have not been suc- 
cessful, might eventually become estab- 
lished if a persistent effort were made to 
colonize and re-colonize with the progeny 
of partially acclimatized parents. 

SumMARY.—Although the parasite Ho- 
rogenes molestae (Uchida) did not become 
established in the United States when 
colonized from 1932 to 1937, it was so 
effective in destroying larvae of the orien- 
tal fruit moth, Grapholitha molesta 
(Busck), immediately after liberation of 
moderate numbers, that it was _ re- 
imported in 1949 for mass liberation 
experiments. 

In the first attempt to rear it on the 
potato tuberworm, Gnorimoschema oper- 
culella (Zell.), the propagating rate was 
much too low for practical use. However, 
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it was induced to accept the tuberworm 
as a breeding host by offering the females 
halves of potatoes pinned to apple and 
stocked with a mixture of oriental fruit 
moths and tuberworms. Subsequently the 
same effect was produced by spraying or 
rolling potatoes infested with young tu- 
berworms with extracts of the oriental 
fruit moth. 

By midsummer of 1950, and after about 
11 generations had been stimulated to 
accept the tuberworm as a host, there 
was some evidence that the parasite would 
accept this host without stimulation. 
This was definitely proved in 1951, and 
since then the parasite has been propa- 
gated continuously in the tuberworm 
without attractants. This method, in 
which infested potatoes are exposed for 
several days to breeding parasites and 
then bagged for rearing in strongly circu- 
lated air to the cocoon stage, is essentially 
the same as the one used in propagating 
Macrocentrus ancylivorus Rohwer. 

In the routine mass rearing of tuber- 
worms used without attractants in 1952, 
the propagating rate per breeding female 
was 6.9 females, and 131 (42 females) 
parasites were produced per pound of 
potato used. This rate was 24 times as 
great as that obtained in the first attempt 
to propagate in the tuberworm in 1949. 
A laboratory strain of Horogenes molestae 
that can be satisfactorily propagated on 
the tuberworm has been developed. 
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Penetration of Various Packaging Films by Common 
Stored-Product Insects! 


Pact D. Gernarpt and Davin L. Linperen, University of California Citrus 
Experiment Station, Riverside 


Transparent film materials are being 
used increasingly in the packaging of 
dried fruits, nuts, candies, cereals, grains, 
meats, cheese, and other food products. 
Cellophane has been used as a packaging 
material for many years. Recently, a 
number of new products such as saran, 
pliofilm, and polyethylene have been find- 
ing a variety of uses. 

The penetration of packaged foods by 
insects is an important consideration in 
choosing a material in which to seal prod- 
ucts such as dried fruits or nut meats, 
which are attractive to insects. The ability 
of insects to penetrate such packages 
varies and depends upon the _ insect 
species, its life stage, the type of film used, 
the thickness of the material, whether 
single film or laminated, and the effect of 
creases, scratches, and folds on _ the 
material. 


Essig et al. (1943), in an extensive study 


on the penetration of packaging material 
by insects, concluded, in part, the insects 


with a propensity for boring are apparent- 
ly the best penetrators, that none of the 
commercially used metal-substitute pack- 
aging materials tested are strictly insect- 
proof, and that manufacturing techniques 
are needed which will produce uniform 
containers without roughened spots, 
creases or folds, or similar areas where 
insects penetrate most easily. 

Early in the spring of 1952, the authors 
began a study of the relative resistance of 
various packaging films to some of the 
common stored-product insects. The fol- 
lowing is a report on the results to date. 

MATERIALS AND METHODS.—The insect 
species used in this study were the follow- 
ing: the granary weevil, Sitophilus gran- 
arius (L.); the rice weevil, Sitophilus 
oryza (L.); the lesser grain borer, Rhyzo- 
pertha dominica (F.); the cadelle, Tene- 
broides mauritanicus (L.); the saw-toothed 
grain beetle, Oryzaephilus surinamensis 
(L.); the confused flour beetle, Tribolium 
confusum Duv.; the drug-store beetle, 
Stegobium paniceum (L.); dermestid bee- 
tle, Trogoderma sternale Jayne; Mediter- 
ranean flour moth, Ephestia kiihniella 


Zell.; Indian-meal moth, Plodia inter- 
punctella (Hbn.); and the German cock- 
roach, Blattella germanica (L.). These in- 
sects, with the exception of the cockroach, 
were reared in wide-mouthed 1-gallon 
glass jars in a room in which the temper- 
ature was maintained at 80° F. and 60 
per cent relative humidity. The cock- 
roaches were reared in 50-pound-c: upacity 
metal lard cans. 

The various insect species were reared 
on the following culture media: the gran- 
ary weevil, rice weevil, and lesser grain 
borer, on cleaned whole whe: it; cadelle, on 
a mixture of whole-wheat flour and rolled 
oats; confused flour beetle, on a mixture 
of whole-wheat flour and bran; saw-toothed 
grain beetle on a mixture of rolled barley 
and raisins; drug-store beetle and the der- 
mestid beetle, on a balanced dog food re- 
ferred to as ‘“‘kibble.”” The cockroaches 
were reared on a different type of dry dog 
food (Laboratory Chow) which is used in 
maintaining rat coionies. The lepidopter- 
ous moths Ephestia and Plodia spp. were 
reared on a mixture of whole-wheat flour 
and powdered milk. 

Two methods of testing the different 
packaging films were used, namely, the 
“lard-can test”? and the “cup test.” In 
the lard-can tests, a large population of 
the insect to be tested was established in 
a 50-pound-capacity lard can having 
approximately 3 inches of the appropriate 
culture media in the bottom. In the lid 
there was a hole 45 inches in diameter, 
covered with fine-mesh wire screen. 

Packaging films to be tested were made 
up into bags 3 by 5 inches in size, which 
were filled with walnut meats and then 
sealed according to standard commercial 
practices. Bag tops that were hand-sealed 
were not always tight, and such tops were 
additionally sealed with cellophane tape. 
Two or three bags of each film type were 
placed in each lard can on top of the cul- 
ture media and examined for insect 


1 This work was undertaken at the request of and in cooper- 
ation with the California Walnut Growers Association. 

Paper No. 796, University of California Citrus Experiment 
Station, Riverside, California. 
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Fic. 1.—‘‘Cup-test” apparatus in operation (left). One screw-top plastic cup (right) having a hole 2 inches in 
diameter in the top and containing 50 adult insects of the species to be tested was inverted over another con- 
taining appropriate food, with packaging film between, and the two were clamped together. 


penetration at weekly intervals. The tests 
were usually terminated at the end of 8 
weeks, but some were continued for 11 
weeks. At the termination of a test a 
new series of cultures was started and the 
entire test was repeated. 

Packages were considered to be pene- 
trated only if the insect actually chewed 
through the film. If insects obtained 
access into the package through a small 
tear or through a poor seal, the package 
was discarded. 

Packaging films used in these experi- 
ments were of five groups or types, as 
follows: 

1. Cellophane: 

(a) 300 MST, 0.0009-inch thick 

(b) 450 MST, 0.0014-inch thick 

(c) 600 MST, 0.0016-inch thick 

2. Polyethylene film: 

(a) 0.0015-inch thick 

(b) 0.002-inch thick 

(c) 0.004-inch thick 

3. Saran film: 

(a) 0.0015-inch thick 

(b) 0.002-inch thick 

4. Pliofilm, 0.0014-inch thick 

5. Laminated film: 

(a) Tritect, 0.0029-inch thick (two layers of 
300 MST cellophane, with a wax film be- 
tween). 

(b) K-202, 0.0014-inch thick (450 MST cello- 
phane, with saran coating 0.00005-inch 
thick on each side). 

(c) Saran (0.0015-inch thick) plus pliofilm 
(0.0012-inch thick). 


(d) Polyethylene (0.001-inch thick) plus alumi- 
num foil (0.001-inch thick). 

(e) Pliofilm (0.0008-inch thick) plus aluminum 
foil (0.001-inch thick) plus acetate (0.001- 
inch thick). 


In the laminated film packages, the 
thermoplastic materials such as cello- 
phane, polyethylene, and pliofilm are 
generally on the inside, in order to heat- 
seal the closures. 

The cup tests involved the use of 
two cups having screw-type _ plastic 
lids. A hole 2 inches in diameter 
was cut in the lid of each cup. A small 
amount of food was placed in one cup and 
50 adult insects of the species being tested 
were placed in the other cup. A small piece 
of film was then placed over the lid of the 
first cup, and the second cup was inverted 
against the film. The two cups, with the 
film between, were held tightly together 
by three spring-type clips (Fig. 1). As the 
top surface of both cups had previously 
been ground flat, the lids and film fit 
tightly together and no insects could 
escape. The 50 insects in the top cup 
walked around on the film and either 
chewed through the film to reach the food 
or eventually died of starvation. The 
films were checked daily for insect pene- 
tration. In general, the length of time the 
insects lived in the absence of food deter- 
mined the duration of the tests, which in 





JOURNAL OF Economic ENTOMOLOGY 


Fia. 2.—Cellophane (600 MST, 0.0016-inch thick) 

packages of walnut meats, showing penetration by 

larvae of the Indian-meal moth, Plodia inter punctella 
(Hbn.). 


most cases was approximately a week, but 
a few species survived longer than 2 
weeks. 

Resuutts.—Lard-Can  Tests.—More 
than 70 per cent of the cellophane pack- 
ages used in these tests were penetrated 
by one or more stages of 10 species of in- 
sects tested, regardless of the thickness of 
the film (Table 1, Fig. 2). The saw- 
toothed grain beetle was the only insect of 
those tested that did not penetrate any 
of the cellophane packages. The granary 
weevil, dermestid beetle, cadelle, and 
lesser grain borer penetrated all the cello- 
phane packages exposed to these insects, 
and the drug-store beetle, confused flour 
beetle, and German cockroach penetrated 
more than 80 per cent of the cellophane 
packages exposed to these insects. 

Resistance of the polyethylene films to 
insect penetration increased with increase 
in thickness of the film. In these tests, the 
saw-toothed grain beetle and dermestid 
beetle were the only two insects that did 
not penetrate any of the polyethylene 
packages. The lesser grain borer and 
cadelle were the only species that pen- 
etrated the 0.004-inch-thick polyethylene 
packages. The 0.0015-inch-thick poly- 
ethylene package appeared to be more re- 
sistant to insect penetration than the 
0.0016-inch-thick cellophane. 

There was very little difference in insect 
penetration of the 0.0015-inch-thick and 
and the 0.002 inch-thick saran packaging 
films. The German cockroach, Mediter- 
ranean flour moth, and saw-toothed grain 
beetle did not penetrate any of the saran 
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Table 1.—Penetration of various packaging 
films by adults and larvae or nymphs of ten spe- 
cies of common stored-product insects in ‘‘lard- 
can tests.’”! 
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AVERAGE 
NUMBER oF 
Wregs 

EQUIRED 
AGES FOR 
PENE- PEne- 
TRATED TRATION 


a 





PERCENTAGE 
or Pacx- 


PackaGine Fiim 





Single-layer film: 
ellophane 
300 MST, 0.0009-inch thick 
450 MST, 0.0014-inch thick 
600 MST, 0.0016-inch thick 


Polyethylene 
0.0015-inch thick 
0.002-inch thick 
0.004-inch thick 


Saran 
0.0015-inch thick 
0.002-inch thick 


Pliofilm, 0,0014-inch thick 


Laminated film: 

Tritect, 0.0029-inch thick (two lay- 
ers 300 MST cellophane with 
wax between) 

K-202, 0.0014-inch thick (450 MST 
cellophane, with saran coating 
0.00005-inch thick on each side) 

Saran (0.0015-inch thick) plus plio- 
film (0.0012-inch thick) 

Polyethylene (0,001-inch thick) plus 
aluminum foil (0.001-inch thick) 

Pliofilm (0.0008-inch thick) plus 
aluminum foil (0.001-inch thick) 
plus acetate (0.001-inch thick) 





1 Total of 506 tests. (For description of “lard-can tests,” see 
“Materials and Methods.” 


packages, but all the saran packages ex- 
posed to the lesser grain borer and cadelle 
were penetrated. 

Packages made of pliofilm were similar 
to those of saran in their ability to resist 
penetration by the insects tested. The 
German cockroach, saw-toothed grain 
beetle, and confused flour beetle did not 
penetrate any of the pliofilm packages, 
whereas the lesser grain borer and the 
‘adelle penetrated all the pliofilm pack- 
ages. 

Laminated film 5a, consisting of two 
layers of 0.0009-inch-thick cellophane 
with a wax film between, was more effec- 
tive in resisting penetration than a single 
film of 0.0016-inch-thick cellophane, but 
34.2 per cent of the packages were pene- 
trated by the insects tested. All packages 
of this material were penetrated by the 
cadelle, lesser grain borer, and dermestid 
beetle; none were penetrated by the Ger- 
man cockroach, Mediterranean flour 
moth saw-toothed grain beetle, «rug- 
store beetle, or confused flour beetle. 

Laminated film 5b, consisting of cello- 
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phane 0.0014 inch thick with a saran 
coating 0.00005-inch thick on each side 
was somewhat better than the 0.0014- 
inch-thick cellophane alone, but over 50 
per cent of these packages were pene- 
trated. All insect species tested pene- 
trated one or more packages of this mate- 
rial. 

Laminated film 5c, consisting of saran 
(0.0015-inch) plus pliofilm (0.0012-inch) 
was relatively resistant to insect penetra- 
tion. Only 18.8 per cent of the packages 
were penetrated by the insects tested, the 
lesser grain borer and the cadelle being 
the two insect species that penetrated this 
material. None of the other species of in- 
sects penetrated packages of this film; 
some insects chewed through the outer 
lamination but did not continue through 
the inner lamination. This particular set 
of experiments was continued for 11 
weeks. 

Of all the packaging material tested, the 
nontransparent aluminum foil lamina- 
tions of either poleythylene or pliofilm ap- 
peared to be the ones most resistant to 
insect penetration. The cadelle penetrated 
all packages of laminated film 5d, con- 
sisting of polyethylene (0.001-inch thick) 
plus aluminum foil (0.001-inch thick), 
while the dermestid beetle penetrated 
only a single package of this lamination. 
None of the packages of laminated film 
se, consisting of pliofilm (0.0008-inch 
thick) plus aluminum foil (0.001-inch 
thick) plus acetate (0.001-inch thick) 
were penetrated by the insects tested. 

The average time in weeks required for 
insect penetration of films was obtained 
by totaling the weeks required to pene- 
trate each package and dividing by the 
total number of packages penetrated. The 
variation in penetration time was great, a 
given insect species varying as much as 6 
to 7 weeks in time required to penetrate 
the same material in the same culture. 
The dermestid beetles, for instance, pene- 
trated two packages of 0.0009-inch-thick 
cellophane during. the first week of expo- 
sure, but the third package was not pene- 
trated until the seventh week. The lesser 
grain borer penetrated all the cellophane 
packages, all the cellophane-saran lam- 
nations, and all the 0.0015-inch-thick 
polyethylene films during the first week of 
exposure. This insect penetrated 66.7 per 
cent of the saran-pliofilm laminated pack- 
ages, but no penetrations were made in 
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Table 2.—Ability of adults and larvae or 
nymphs of 10 insect species to penetrate 14 dif- 
ferent packaging materials in ‘‘lard-can tests.” 








AVERAGE 

PerceNt- NuMBER 
AGE OF oF WEEKS 
PackAGEs REQUIRED 
PENE- FOR PENE- 

TRATED TRATION 


INSECTS 





Cadelle 

Confused flour beetle 
Dermestid beetle 
Drug-store beetle 
German cockroach 
Granary weevil 
Indian-meal moth 

Lesser grain borer 
Mediterranean flour moth 
Saw-toothed grain beetle 





less than 4 weeks. The cadelle also pene- 
trated the above-named films in a short 
time but in some cases required a week or 
two longer to effect penetration than did 
the lesser grain borer. 

The ability of the various insects tested 
to penetrate 14 different packaging mate- 
rials is shown by the data in table 2. It is 
noted in this table that the saw-toothed 
grain beetle, a common stored-product 
insect, penetrated only 1.8 per cent of the 
packages exposed to it, while the lesser 
grain borer penetrated 82.4 per cent and 
the cadelle 75.0 per cent of the packages. 
The lesser grain borer penetrated some or 
all the packages of all materials except the 
aluminum-foil laminations. This insect 
also required less average time to pene- 
trate the packages than did any of the 
other species tested. Those insects com- 
monly found in warehouses, grocery 
stores, and households, such as_ the 
Indian-meal moth, Mediterranean flour 
moth, confused flour beetle, and drug- 
store beetle penetrated from 25 to 44 per 
cent of the packages consisting mostly of 
the cellophane and _ 0.0015-inch-thick 
polyethylene films. 

Cup Tests.—Results of the cup-test 
method of determining the resistance of 
sheets of various packaging films to pene- 
tration by adult insects are shown in 
tables 3 and 4. These data tend to cor- 
roborate those obtained in the lard-can or 
package tests, although there are some 
differences, probably because adult in- 
sects, only, were used in the cup tests, 
whereas adults and larvae or nymphs were 
used in the package tests. 
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Table 3.—Penetration of various packaging 
films by adults of seven species of common 
stored-product insects in ‘‘cup tests.’”! 
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Table 4.—Ability of adults of seven insect 
species to penetrate 12 different packaging films 


. 


in ‘‘cup test.” 
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AVERAGE 

PerceNtaAGE NUMBER 
or Fim or WEEKS 
SHEETS RequirepD 
PENE- FOR PENE- 


PackAGINnG Fitm TRATED TRATION 


— 


AVERAGE 


PeEr- 
CENTAGE 
or Fitms 

PENE- 
TRATED 


NUMBER 
or Days 
Requirep 
FOR PEng- 
TRATION 


TOTAL 
NUMBER 
or Fits 


INsEcTS ScaRIFIED 





Single-layer film: 
Cellophane 
300 MST, 0.0009-inch thick 
450 MST, 0.0014-inch thick 
600 MST, 9.0016-inch thick 


Polyethylene 
0.0015-inch thick 
0.002-inch thick 
0.004-inch thick 


Saran, 0,002-inch thick 
Pliofilm, 0.0014-inch thick 


Laminated film: 

Tritect, 0.0029-inch thick (two 
layers 300 MST cellophane with 
wax between) 

K-202, 0.0014-inch thick (450 MST 
cellophane with saran coating 
0.00005-inch thick on each side) 

Polyethylene (0.001-inch — thick) 
plus aluminum foil (0.001-inch 
thick) 

Pliofilm (0.0008-inch thick) plus 
aluminum foil (0.001-inch thick) 
plus acetate (0.001-inch thick) 0 — 





1 For description of “cup tests,” see “Materials and Methods.” 


The cellophane films and the 0.0015- 
inch-thick polyethylene films were the 
ones most readily penetrated in the cup 
tests. These were followed, in increasing 
difficulty of penetration, by the laminated 
film 5b (450 MST cellophane with saran 
coating), the polyethylene film 2b (0.002- 
inch thick), and laminated film 5a (two 
layers of 300 MST cellophane with wax 
film between). 

Results with pliofilm in the cup tests 
(25 per cent of the films penetrated) were 
similar to those in the lard-can tests 
(37.3 per cent of the packages pene- 
trated); but with saran only 5 per cent of 
the films were penetrated in the cup tests, 
whereas 35.1 per cent of the packages 
were penetrated in the lard-can tests. 

As shown in table 4, adults of the lesser 
grain borer penetrated 69 per cent of the 
films in the cup tests, while the granary 
and rice weevils both penetrated 53.8 per 
cent. These results compare favorably 
with those shown in table 2, in that the 
lesser grain borer penetrated 82.4 per cent 
of the packages exposed to it, and the 
granary weevil penetrated 42.8 per cent. 
This may indicate that the adults of these 
two species are the effective penetrators, 
since the data in table 2 include penetra- 
tion by both larvae and adult insects. It 


Confused flour beetle 0 
Dermestid beetle 1 
Drug-store beetle 0 
Granary weevil 3 
Lesser grain borer 7 
Rice weevil 8 
Saw-toothed grain beetle 1 





will be noted, however, that none of the 
films in the cup tests were penetrated by 
adults of the drug-store beetle, dermestid 
beetle, or confused flour beetle (Table 4), 
whereas from 25 to 50 per cent of the 
packages in the lard-can tests were pene- 
trated by these insects (Table 2). Indica- 
tions are, therefore, that the larvae of 
these three species may be the more effec- 
tive penetrators. Since adults of the 
Mediterranean flour moth and of the 
Indian-meal moth do not have chewing 
mouth parts, it is the larvae of those 
insects that do the penetrating. 

SumMary.—The resistance of various 
packaging films to penetration by common 
stored-product insects was tested (1) in 
“‘lard-can tests” packages 3 by 5 inches, 
made of the different packaging films and 
filled with walnut meats, were exposed to 
cultures of large numbers of adults and 
larvae or nymphs of given insect species in 
50-pound-capacity lard cans, and (2) in 
“cup tests” 50 adults of a given insect 
species were confined in a plastic cup 
inverted over another cup containing an 
appropriate food supply, the two cups 
separated by a flat piece of packaging film 
which must be penetrated if the insects 
were to survive. 

In these two tests 14 different packag- 
ing films were used and 11 species of in- 
sects, including the cadelle, confused flour 
beetle, dermestid beetle, drug-store bee- 
tle, German cockroach, granary weevil, 
Indian-meal moth, lesser grain borer, 
Mediterranean flour moth, rice weevil, 
and saw-toothed grain beetle. The follow- 
ing results are reported: 

Nontransparent laminated film con- 
taining aluminum foil as one of the 
laminae was relatively resistant to insect 
penetration but not insectproof. 

Of the transparent laminated films 
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tested, that consisting of saran 0.0015- 
inch thick and pliofilm 0.0012-inch thick 
was the one most resistant to insect pene- 
tration. 

Cellophane films, single and laminated, 
were readily penetrated by most insects 
tested. 

The resistance of polyethylene film to 
insect penetration varied directly with 
film thickness. 
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Of the insects tested, the lesser grain 
borer and the cadelle appeared to be the 
best penetrators of packaging films; the 
saw-toothed grain beetle appeared to be 
the one least able to penetrate the mate- 
rials tested. 

The ability of some insect species to 
penetrate packaging materials depended 
upon the stage of the insect (adult, larvae, 
or nymph). 
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Use of Parathion to Control Olive Scale 


E. M. Srarrorp, University of California, Davis 


Parathion is the insecticide that is now 
most widely used for control of olive 
scale, Parlatoria oleae (Colvée). A report 
on preliminary tests of parathion made in 
1947 and 1948 has been given (Stafford 
1949). Following is a review of experi- 
ments on chemical control of olive scale 
conducted the 4 years after the prelim- 
inary tests. 

The seasonal history of this scale is an 
important consideration in chemical con- 
trol. Briefly, the scales overwinter as 
adult females. On olives in the central 
valley of California egg-laying starts in 
late March and hatching begins in early 
May. A second generation starts hatching 
in the latter part of July. There is little 
overlapping of the various developmental 
stages in the first generation as compared 
with the second. There are few scales (if 
any) of a third generation. On deciduous 
fruit trees the scales begin to lay eggs in 
early March or in late February. Hatching 
may take place in March but the peak of 
the hatch on deciduous fruit trees occurs 
in April. In other words, the development 
of the olive scale in deciduous trees in the 
spring appears to be about 3 weeks earlier 
than on the olive trees. 

Meruops.—Although the olive proc- 
essor prefers fruit that bears no evidence 
of olive scale infestation, if the olives are 
not deformed by the scales, or if the dark 


color produced by the scale has not pene- 
trated too deeply into the fruit, they may 
be accepted and processed into dark ripe 
olives. In field tests for scale control all 
olives bearing scale marks or scales which 
had not yet made marks were considered. 
Thus, the percentages of clean fruit re- 
ported here are lower than would have 
resulted if the same fruit samples had 
been graded commercially at the proc- 
essing plants. 

The influence of degree of initial infesta- 
tion is great enough to obscure or even 
reverse the rank of control treatments dif- 
fering but little in efficiency. In one experi- 
ment the percentage of clean olives at 
harvest in 1948 was compared with the 
percentage of clean olives at harvest in 
1949 for a series of 20 trees sprayed in 
June 1949. The treatment was a spray 
containing parathion 25 per cent WP at 
2.5 pounds per 100 gallons of water. The 
fruit averaged 76.6 per cent in 1948 and 
91.9 per cent clean in 1949. The regression 
coefficient of the percentage clean fruit 
the harvest after treatment (1949) on the 
percentage clean fruit for the harvest be- 
fore treatment (1948) was calculated to be 
0.205. The correlation was highly signif- 
icant. Subsequently, infestation data on 
olives for the harvest the year before 
treatment were obtained whenever pos- 
sible and were used to determine the 
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Table 1.—Control of olive scale on olives by 
winter sprays. 








Per Cent 
CLEAN 
FRUIT AT 


Ouive Variety AND LocaTION 
HARVEST 


MATERIALS PER 100 Gattons 
Asdlene; Lindsay 

Medium summer oil emuls., 2.5 gals.! 

Medium summer oil emuls. ., 2.5 gals.; 
thion 15% WP, 1 Ib. 

Light- macdinm summer oil emuls. .. 2.5 gals.; 
parathion 15% WP, 1 Ib. 

Light summer oil pent 2. P gals., parathion 
15% WP, 1 Ib 


para- 


Sevillano; Fresno 

Medium summer oils emuls., 2 gals.” 

Medium summer oil emuls., 1 gal.; parathion 
25% WP, 10 oz.? 

Medium a oil emuls., 1 gal.; 

% WP, 2 

Me wal summer roll emuls., 2 gals.; parathion 
25% WP, 10 oz.2 

Medium summer oil emuls., 2 gals., parathion 
25% WP, 20 oz.? 

Very light summer oil,’ 3.5 gals.; parathion 
25% WP, 10 oz.4 

Very ‘fi ht summer oil,? 3.5 gals.; 
25% VP, 20 oz.4 


parathion 


parathion 





1 Applied February 16, 1949. 
2 Applied February 17, 1949. 
3 An emulsifiable experimental oil, XP-9 Shell Oil Company. 
4 Applied February 16, 1950. 


efficacy of the experimental treatments. 
On deciduous fruit trees the pre-treat- 
ment infestation was measured in Nov- 
ember or December from new twig 
growth. Final checks of the effectiveness 
of the control were made in the November 


or December following the treatments and 


were taken in the same manner as the 
pre-treatment data. Scale counts were 
made without regard to mortality. After 
treatments were applied in the dormant 
season (January to March) or in the spring 
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(April to May), the scales found on the 
current season’s growth in Novermber or 
December could only have resulted from 
survivors of the treatments or from scales 
brought into the orchard after treatment, 
The latter was considered a negligible 
factor in well established infestations, 
The arrangement of plots so that each 
treatment had approximately the same 
average initial infestation eliminated some 
anomalies in results. The variances of 
replicate samples within treatments varied 
so widely, however, as to make statistical 
analyses of the counts impractical. An- 
other estimate of the efficiency of control 
measures on smooth-skinned fruits such 
as apricots and plums was a count of scale 
marked fruit at harvest. Scale marks on 
apricots do not “cook out” during can- 
ning. Plums bearing four or more scale 
marks are not accepted at packing houses 
for fresh fruit shipment. The marks made 
by scales may be dark or light depending on 
the variety of fruit infested. 

Unless otherwise noted, all sprays were 
applied with hand spray guns and stand- 
ard orchard sprayers operating at from 
450 to 500 p.s.i. Trees were sprayed to the 
point of run-off. The number of gallons 
of spray required per acre varied from 
500 for young trees to about 1900 for very 
large trees. Many orchards required 1500 
gallons per acre. In most tests single tree 
plots were replicated from two to five 
times. 

ContTROL ON OLIvEs.—A comparison 


Table 2.—Effect of date of spraying on control of olive scale on olives. 








OLIVE VARIETY AND LOCATION 
MATERIALS PER 100 GALLONS 


Per Cent 
CLEAN Fruit 
AT HARVEST 


DATE SPRAYED 
(1949) 





Sevillano; Fresno 


Medium summer oil emuls., 2 gals.; parathion 25% WP, 1.25 lbs. 
Medium summer oil emuls., 1.5 gals.; parathion 25% WP, 1 lb. 


Manzanillo; Madera 
Parathion 25% WP, 2.5 lbs. 


SV No. 1 oil,! 1 gal.; 


Ascolano; Lindsay 
Parathion 25% WP, 2.5 lbs. 


Very light oil, 4 gals. 


Very light oil,® 4 gals.; parathion 25% WP, 1 lb. 


parathion 25% WP, 10 oz.; BAS,? 8 oz. 


Feb. 17 
June 10 


May 5-6 
June 7-9 
May 5-6 
June 7-9 


June 3 
July 28 
June 3 
June 21 
July 19 
Aug. 10 
June 3 
July 28 





: A light oil, 91.8 U.R., General Petroleum Corporation, tank-mix. 


albumin spreader. 
3 7A 75% emulsion of a very light, low U. R. oil. 





of several winter spray treatments is 
given in table 1. The addition of parathion 
wettable powder to oil sprays increased 
the efficiency and effectiveness increased 
with increase in both oil and parathion 
concentration. No large differences in 
effectiveness of the oil-parathion com- 
bination were observed between light 
grade, light-medium grade, or medium 
grade summer oils.’ The very light grade 
summer oil (an experimental product) 
was not as effective in combination with 
parathion as was a medium grade summer 
oil. 

Several comparisons of spray treat- 
ments applied on different dates are given 
in table 2. The data confirm those ob- 
tained in 1948 which indicate early June 
as the best time to spray olives for olive 
scale control. This was true of the use of 
oil alone, parathion alone, or the oil- 
parathion combination spray. Probably, 
sprays applied in late May would be al- 
most as effective as those applied in 
early June. Olives are most often in 
bloom in late May, however, and para- 
thion sprays applied at that time would 
constitute a severe hazard to honey bees 
gathering olive pollen. Sprays applied 
before bloom were less effective than 
sprays applied immediately after bloom. 
Late July sprays of oil-parathion were 
fairly effective. A logical explanation 
for the lower effectiveness of early July 
sprays is the presence of mature adult 
females which are difficult to kill. Though 
a second generation of scales starts 
hatching on olives about mid July, the 
developmental stages of the insect overlap 
widely during the remainder of the 
summer and fall. This means that a large 
percentage of the scale population is in 
immature stages (and thus more suscep- 
tible to insecticides) in late July. This per- 
centage is not so high as it is in early 
June, and control treatments applied in 
late July are thus not so effective as treat- 
ments applied in the earlier, more favor- 
able control period. 

Table 3 gives the results of sprays of 
several oil-parathion combinations as 
well as other insecticides when applied in 
arly June. As in the case of winter spray 
treatments, a very light grade of spray oil 
did not inerease the effectiveness of 
parathion as much as did the light, light- 
medium, or medium grades of spray oils. 
Kerosene added little or nothing to the 
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effectiveness of parathion. Not listed in 
table 3 are several experimental sprays of 
chlorinted insecticides including DDT, 
TDE, toxaphene, chlordane, aldrin, and 
dieldrin, used alone and in combination 
with petroleum oil sprays. At the con- 
centrations used, these treatments gave 
such poor control that the plots were re- 
treated and no harvest data were taken. 

In general, table 3 shows that parathion 
was more effective than EPN, Metacide, 
malathion, or sulfatepp. In most com- 
parisons the organic phosphate insect- 
cidies were more effective when combined 
with petroleum oil spray. This was 
especially true of wettable powders. 
Sprays containing parathion and petro- 
leum oil were the most effective from the 
standpoint of concentration of organic 
phosphate insecticide used. The use of 1.5 
pounds of 25 per cent wettable parathion 
powder plus 3 liquid ounces of deposit 
builder gave consistently good control. 

Except for sprays applied in 1950, all 
malathion treatments caused injury to 
olive fruit. When applied in early June, 
malathion caused a scabbing of the fruit 
which made the olives unfit for pickling. 

Some growers and operators believed 
at first that the fumigant effect of para- 
thion was great enough to make spray 
coverage a matter of minor importance. In 
one experiment paper bags were closed 
over several bunches of twigs just before 
spraying with parathion. The bags were 
removed immediately after the foliage 
dried. The parathion spray was, as usual, 
very effective against all stages of the 
male scales. The fumigant effect was great 
enough to kill a great many immature 
male scales that had been enclosed in the 
bags so that not all the surviving females 
were mated. These females later showed 
all the signs previously noted (Stafford 
1949) as typical of the un-mated condi- 
tion—large, distorted shells, the appear- 
ance of all or part of the body outside of 
the shell, dark even purple color of the 
body. The control in the bagged twigs was 
inadequate since nearly all of the bagged 
fruit was infested at harvest. 

Some results obtained by the use of 
blower-sprayer types of spray applica- 
tion are listed in table 4. The data indicate 
less effective control when the gallonage 
of spray is reduced even though the 


1 California Administrative Code. Title 3, Agriculture. 
Article 5, Spray Oils. 
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Table 3.—Control of olive scale on olives by early June sprays. 





— 





Per Cent CLEAN Fruit at Harvest 








Ouive Variety, Location, AND Date SPRAYED The Year Before Following 
MATERIALS PER 100 GALLONS Treatment Treatment 
Seiten Fresno, Toles 10, 1949 
Parathion 25% WP, 2.5 lbs. 40.0 
Parathion 25% WP, 1.0 lb.; light-med. flow oil, 1.5 gals. 76.7 
Manzanillo; Madera, June 7-9, 1949 
Parathion 25% WP, 2.5 lbs. 76.6 91.9 
Parathion 25% WP, 10 oz.; kerosene, 0.5 gal. 46 . 4 
Parathion 25% WP, 10 oz.; S.V. No. 1 oil' 1 gal.; BAS,? 4 oz. 77.5 91.5 
EPN 300, 1 Ib. 11 oz. 59.0 25.0 
EPN $00, 0.5 lb.; S.V. No. 1 oil,! 1 gal.; BAS 4 oz. 77.0 
ASP 47, 2 oz. Vatsol K,° 1 0z.;S.V. No. 1 oil, 1 gal. 63.0 
S.V. No. 1 oil, 1 gal.; BAS? 4 02. 31.0 
Cube root,‘ 12 0z.; kerosene, 3 gals.; BAS,? 2 oz. 1.0 
Ascolano; Lindsay, June 3, 1949 
Parathion 25% WP, 2.5 lbs. 89.0 
Parathion 25% WP, 1 lb.; medium flowable oil, 1 gal. 77.2 
Very light oil,® 4 gals. 68.2 
Medium flowable oil, 1.5 gals. 12.2 
Ascolano; Lindsay, June 6, 1950 
Parathion 25% WP, 5 oz.; very light flowable oil,® 3 gals. 1.3 73.1 
Parathion 25% WP, 1.5 lbs.; deposit builder? 3 liquid oz. 0.2 90.0 
Sevillano; Lindsay, June 1-3, 1950 
Parathion 25% WP, 2.5 lbs. 38 100.0 
Parathion 25% WP, 5 oz.; very light oil,® 3 gals. 26 81.5 
Parathion 25% WP, 10 oz.; very light oil,® 3 gals. 22 98.5 
Parathion 257% WP, 5 0z.; very light oil,5 3 gals. 40 58.5 
Parathion 25% W P, 1 Ib.; deposit builder,’ 7 4 liq. oz. 19 95.0 
Parathion 25% WP, 1.5 Ibs.; deposit builder’ 3 liquid oz. 29 96.5 
Metacide 50%, EM, 1 at. 57 98 .0 
Metacide 50%, EM, 4 oz.; very light oil,® 3 gals. 47 99.0 
EPN 300, 2.5 lbs. 55 94.0 
EPN 300, 10 0z.; very light oil,5 3 gals. 39 76.0 
Malathion 50% EM, 1 qt. 59 95.5 
Malathion 50% EM, 1 gt.; very light oil,5 2 gals. 14 74.0 
Sevillano; Lindsay, June 5-6, 1951 
Parathion 25% WP, 1 lb.; light-medium oil, 1.5 gals. 0.5 88.7 
Parathion 25% WP, 0.5 Ib.; light-medium oil, 1.5 gals. 5.0 59.5 
Parathion 25% WP, 1.5 Ibs.; deposit builder’ 3 liquid oz. 2.0 95.0 
Metacide 50% EM, 1 at. 2.0 82.0 
Metacide 50% EM, 1 qt.; light-medium oil, 1.5 gals. 2.0 83.0 
EPN 50% EM, 1 at. 8.0 73.5 
EPN 300, 1 lb.; It-medium oil, 1.5 gals. 2.0 78.0 
Malathion,® 50% EM, 1 qt. 7.0 68.0 
Malathion 50% EM, 1 qt.; light-medium oil, 1.5 gals. 11.0 85.0 
Malathion 50% EM, 3 qts. 26.0 90.0 
Malathion 50% EM, 3 qts.; light-medium oil, 1.5 gals. 6.0 90.0 
Malathion 25% WP, 5 lbs. 27.5 57.5 
Malathion 25% WP, 5 lbs.; light-medium oil 1.5 gals. 9.0 91.5 
4.0 0.0 


Systox, 1 qt. 








1 A light oil, 91.8 U.R., tank-mix, General Petroleum Corporation. 
2 Blood albumin spreader. 
3 30% sodium diocty] sulfosuccinate. 
4 6.7% rotenone. 
5 A 75% emulsion of a very light, low viscosity oil. 
6 An experimental emulsifiable spray oil, Shell Oil Company XP-9. 
7 Colloidal Products Co. Petroleum sulfons ates, petroleum oil, and free and combined fatty acids. 
8 All sprays containing malathion injured young olive fruit in 1951. 





amount of parathion and oil applied was method of application gave better control. 
not reduced, or reduced only slightly. In Table 4 also shows one instance of a better 
one experiment the blower-sprayer was control by hand application than by 
driven past the trees four times and the — blower-sprayer application. Considerable 
spray was thus applied from four rather improvement has been made in blower- 
than the usual two sides of a tree. This sprayer equipment since these tests were 
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Table 4.—Control of olive scale on olives with sprays applied by blower-sprayers. 








Per Cent CLEAN Fruit 
AT HARVEST 








GALLONS — ~ 
Ourve Vartety, Location, Date SPRAYED OF SPRAY The Year Before Following 
MATERIALS PER 100 GALLONS PER TREE Treatment Treatment 
Manzanillo olives; Lindsay, June 2, 1949! 
Parathion 25% WP, 4 lbs. 15.6 _ 71.0 
Parathion 25% WP, 2.4 lbs. 31.2 — 93.0 
Parathion 25% WP, 2 lbs.; med-oil, 1.4 gals. 15.6 — 66.5 
Parathion 25% WP, 1 lb.; med-oil, 1 gal. 31.2 — 88.2 
Sevillano olives; Lindsay, June 8-9, 1950? 
Parathion 25% WP, 10 oz.; very light oil? 6.8 gals. 14.3 13.0 14.0 
Parathion 25% WP, 5 0z.; very light oil* 3.2 gals. 31.2 11.0 14.0 
Parathion 25% WP, 5 oz.; very light oil’ 3 gals. 
(hand sprayed) 35.0 40.0 58.5 
Manzanillo olives; Woodlake, June 16, 1950+ 
Parathion 25% WP, 1 lb.; It-med. oil, 1.5 gals. 31.0 -— 97.3 
Parathion 25% WP, 2 lbs.; It.-med. oil, 3.0 gals.; 
Vatsol OT® 85%, 4.8 oz. 15.0 --- 96.2 





1 Bean Speed Sprayer with oscillating vane. Trees sprayed from 2 sides. Trees per acre, 27. Gallons of spray required per acre by 


hand spraying, 840. 


2 Ryder blower-sprayer. Trees sprayed from 2 sides. Trees per acre, 48, Gallons of spray required per acre by hand spraying, 1500. 


3A 75% emulsion of a very light, low U. R. oil. 


4 Ryder blower-sprayer. Trees sprayed from 4 sides. Trees per acre, 48. Gallons required per acre by hand spraying, 1500. 


5 Sodium diocty] sulfosuccinate. 


made. Perhaps control by these improved 
machines will compare more favorably 
with hand spray gun application. 
Parathion dust of 2 per cent strength 
was shown to be of value in olive scale 
control when applied in the latter half of 
July (Table 5). Where the infestation was 
not too great, two applications of 2 per 


cent parathion dust in May gave good 
control. Parathion applied at this time 
would be very hazardous to bees, how- 
ever. The last of May (immediately after 
bloom) and first part of June was the best 
period for control using two applications 
of 2 percent parathion dust at 100 pounds 
per acre at each application. Sulfur in- 


Table 5.—Control of olive scale on olives with parathion and EPN dusts. 








Per Cent CLEAN Fruit 
AT HARVEST 








DaTE The Year Before Following 
ConpITIONS OF TREATMENT APPLIED Treatment Treatment 
Sevillano olives, Fresno. Niagara high velocity 
orchard duster 1950 
Parathion 2% May 12 
May 24 58.3 97.8 
Undusted 0.0 0.0 
Manzanillo olives, Lindsay. Ryder power duster 1950 
Parathion 2% May 24 
July 22 75.0 96.0 
Parathion 2% May 24 
June 15 19.0 99.0 
Parathion 2%! May 24 76.0 94.0 
Parathion 2% July 15 
July 31 20.0 81.0 
Manzanillo (M) and Sevillano (S) olives Lindsay. 
Ryder power duster 1951 
Parathion 2% (M)! June 5 95.8 87.0 
EPN 3% (M)! June 6 95.0 78.2 
Parathion 2% (S) June 6 
June 15 87.0 87.2 
Parathion 2%-+sulfur 80% (S) June 6 
June 15 87.6 93.4 


ee 





' Dust applied at 200 pounds per acre; other applications made at 100 pounds per acre. 
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Table 6.—Control of olive scale on border row 
and second row of manzanillo olives. Lindsay, 
Calif. 1951. 








Per Cent Deap ADULT 
FEMALE SCALES 


Before After 
Treatment! Treatment 
August 27 October 10 
63.5 
80.0 


LOCATION IN 
OrcHarp OF TREES 
SAMPLED 


Border row 19.2 
Second row 20.3 





1 100 pounds per acre of 2 per cent parathion dust applied by 
fixed-wing airplane. 


creased the effectiveness of the parathion 
dust. Unfortunately, sulfur also increased 
the hazard of plant injury. Some scalding 
of young olives was noted from a com- 
mercial treatment of parathion-sulfur 
dust when the temperature reached 100° 
F. soon after appliation. Table 6 illus- 
trates one of the major difficulties of the 
use of parathion dust. Border rows have 
shown less control from parathion dusting 
than trees farther inside the orchard. 

It has been shown that parathion may 
enter into the oil of the olive and that 
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much of the insecticide in the olive is not 
destroyed by the pickling and canning 
processes. Since the oil content of the olive 
does not begin to increase rapidly until 
August (Hartmann 1949), the California 
State Bureau of Chemistry has ruled that 
parathion shall not be applied to olive 
fruit after the first of August. That this 
ruling provides an adequate safety margin 
is shown in table 7. In this table are given 
the amounts of parathion found in the 
flesh of olives sprayed with parathion on 
various dates after the first of August. 
The amounts are not corrected for the 
“apparent parathion” found in untreated 
olives. It should be noted that the “green 
ripe” pickling process (the mildest pro- 
cess) gives an increase in “apparent 
parathion” in unsprayed olives. 

In 1949, many growers used parathion 
for the first time. Though scaly fruit 
could be easily found in many orchards 
following an oil-parathion spray in June, 
in most cases growers were pleased with 
the reduction in amount of spotted fruit 


Table 7.—Amounts of parathion found in the flesh of olives. 








DaTE 





VarIETY; MATERIALS 
PER 100 GALLONS 


Sprayed! 


PARATHION 
(P.P.M.) 


PICKLING 
PROcEsS 


Harvested 
or Collected 





Mission olives 
Parathion 25% WP, 2 lbs. medium flow- 
able oil emulsion, 1.5 gals. 
Untreated 
Parathion 25% WP, 2 lbs. medium flow- 
able oil emulsion, 1.5 gals. 
Untreated 
Nevadillo 
Parathion 25% WP, 2.5 lbs. 
Sevillano 
Parathion 25% WP, 1 Ib. light-medium 
flowable oil emulsion, 1.5 gals. 
Parathion 25% WP, 1 lb. light-medium 
flowable oil emulsion, 1.5 gals. 
Manzanillo 
Parathion 25% WP, 2.5 lbs. 


Parathion 25% WP, 1 Ib. light-medium 
flowable oil emulsion, 1.5 gals. 
Parathion 25% WP, 1 lb. light-medium 
flowable oil emulsion, 1.5 gals. 
Parathion 25% WP, 1 lb. light-medium 
flowable oil emulsion, 1.5 gals. 
Parathion 25% WP, 1 |b. light-medium 
flowable oil emulsion, 1.5 gals. 
Parathion 25% WP, 1 Ib. light-medium 
flowable oil emulsion, 1.5 gals. 
Parathion 25% WP, 1 Ib. light-medium 
flowable oil emulsion, 1.5 gals. 


Aug. 26 
Aug. 26 


Aug. 26 


Sept. 


July 
July 


Sept. 


Aug. 
Aug. 
Sept. 
Sept. 
Sept. 


Sept. 


1949 
Aug. 26 
Nov. 2 
Nov. 2 


None . 18? 
None 
None 


Nov. 


Nov. 


Green ripe 
Green ripe 


1 Oct. Green ripe 


None 
Dark ripe 


Green ripe 


None 
Green ripe 
None 
Green ripe 
None 


Green ripe 





1 Trees sprayed to point of run-off. 
2Surface residue only. 
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Table 8.—Control of olive scale on July Elberta peaches by sprays applied in January. 








MATERIALS PER 100 GALLoNns! 


NuMBER OF SCALES? PER Bup 
on New GrowrTH 





Per Cent 
Reduction 


After 
Treatment 


Before 
Treatment 





Sprayed in 1949 
Dormant oil emuls., 3.5 gals., Elgetol 30, 1 qt. 
Dormant oil emuls., 2 gals.; DNC in oil,® 2 gals. 


Dormant oil emuls., 4 gals.; Toxaphene 40% WP, 4 lbs. 


Sprayed in 1950 
Dormant oil emuls., 4 gals. 


Dormant oil emuls., 4 gals., Parathion 25% WP, 1 lb. 
Dormant oil emuls., 4 gals.; Parathion 25% WP, 2 Ibs. 


Dormant oil emuls., 3.5 gals.; Elgetol 30, 0.5 gal. 
Dormant oil emuls., 3.5 gals.; DNC® 40%, 18 oz. 


Sprayed in 1951 
Dormant oil emuls., 4 gals. 


Dormant oil emuls., 3 gals.; Parathion 25% WP, 1 lb. 
Dormant oil emuls., 3 gals.; Parathion 25% WP, 2 lbs. 


Dormant oil emuls., 3 gals.; EPN 300, 2 lbs. 
Dormant oil emuls., 3 gals.; Metacide, 1.5 lbs. 
Dormant oil emuls., 3.5 gals.; Egetol 30, 1 qt. 


Dormant oil emlils., 3 gals.; Malathion 32.5%, EM, 3 pts. 


Malathion 32.5% EM, 1 gal. 


.12 
15 
.08 
.30 
43 
ri) vy 
.15 
43 


42 
-42 
41 
43 
42 
44 
42 
44 





1 All sprays (with the exception of those containing DN materials) contained 6 lbs. of basic copper sulfate in addition to the ma- 


terials listed. . 
2 Counts made in November and December. 
a DNC 
4 Caused severe injury. 
5 Dinitro ortho cresol 40% wettable powder. 


at harvest. The spray now most widely 
used is 1 pound of 25 per cent parathion 
wettable powder and 1.5 gallons of light 
or light-medium grade of summer oil 
emulsion per 100 gallons of water applied 
in early June. In one orchard where this 
spray has been applied commercially for 4 
years the per cent of clean fruit has in- 
creased from 61 in 1949 to more than 99.9 
in 1952. Several olive growers prefer 
parathion dusting to spraying since the 

Table 9.—Control of olive scale on plums by 
spring sprays 








Per Cent Fruit 
wits Four or More 
ScaLe Marks 


VaRIETY AND LocaTION 
MATERIALS PER 100 GALLONS 


Santa Rosa Plums, Kingsburg 
Parathion 25% WP, 20 0z.1 
Parathion 25% WP, 20 02.2 
Parathion 25% WP, 40 oz.! 
Parathion 25% WP, 40 0z.? 
EPN 300, 16 oz. 

EPN 300, 16 0z.2 
EPN 300, 32 oz.! 
EPN 300, 32 02.2 


cooocous 


Duarte Plums, Madera* 
Parathion, 25% WP, 1 lb. 
Parathion 25% WP, 2 lbs. 
Malathion 32.5% EM, 8 qts. 
Malathion 32.5% EM, 2 qts. 
Malathion 32.5% EM, 3 pts. 
Metacide, 2 pts. 

Metacide, 3 pts. 


' Applied April 27, 1949. 
? Applied May 13, 1949. 
3 Sprayed April 16, 1951. 





dinitro ortho cresol 2.5% in oil. California Spray Chemical Corp. 


dust may be applied by airplane and the 
cost of preparing the orchard for move- 
ment of heavy ground equipment is thus 
avoided. Two applications of 2 per cent 
parathion dust at 100 pounds per acre per 
application may be somewhat cheaper 
than one spray if the trees are large and 
require many gallons of spray for thor- 
ough coverage. In general, commercial 
dusting has not given as good control of 
olive scale as commercial spraying. 
ContROoL ON DeEcipuvous — FRrRuir 
TREES.—Peaches and nectarines must 
receive a pre-bloom fungicide spray. This 
spray is often applied during the dormant 
season. The combining of the fungicide 
and scale control in one spray effects a 
considerable saving in pest control. Some 
varieties of peaches and nectarines are 
often injured by heavy dosages of dor- 
mant oil spray. To give adequate control 
light dormant oils must be used at higher 
concentration than the heavier dormant 
oils usually used. At the higher concentra- 
tion required light oils may also cause in- 
jury. A toxicant which would permit the 
reduction of the oil dosage was sought. 
Dinitro insecticides increased the effec- 
tiveness of oil spray and had the addition- 
al advantage of controlling peach leaf curl. 
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Table 10.—Control of olive scale on July Elberta peaches by spring sprays. 








DATE SPRAYED 
TREATMENT PER 100 GALLONS 


NUMBER OF SCALES PER Bup 
on New GrowtH 





Per Cent 
Reduction 


After 
Treatment 


Before 
Treatment 





Sprayed May 4, 1949 
Parathion 25% WP, 1.5 lbs. 


.05 


Parathion 25% WP, 1 lb.; SV No. 1' oil, 1 gal.; BAS,? 4 oz. .06 


Sprayed May 1, 1950 
Parathion 25% WP, 2 lbs. 
Parathion 25% WP, 1 lb. 


-10 
.20 


Parathion 25% WP, 0.5 lb.; very light oil,’ 2 gals. 40 


Parathion 25% WP, 1 lb.; very light oil,’ 2 gals. : .40 


Very light oil,’ 2 gals. 
Sprayed April 24, 1951 


Parathion 25% WP, 1 lb.; very light oil,’ 1 gal. 


EPN 300, 1 lb.; very light oil,? 1 gal. 


.80 


.04 
.05 


Malathion 32.5% EM, 2.3 pts.; very light oil,’ 1 gal. 13 


Malathion 32.5% EM, 8 pts. 
Untreated 


31 
.O1 





1 A light oil, 91.8 U.R. General Petroleum Corp. 
2 Blood albumin spreader. 


3 An experimental emulsifiable oil—XP-9. Shell Oil Company. 


Oil-dinitro sprays have sometimes been 
used with success but have caused severe 
injury in some years (Table 8). In dor- 
mant spray tests on July Elberta peaches 
(Table 8) the use of 2 pounds of 25 per 
cent parathion wettable powder permitted 
the reduction of dormant oil emulsion 
from 4 or 5 to 3 gallons per 100 gallons of 
water while increasing control. The addi- 
tion of 6 pounds of fixed copper fungicide 
per 100 gallons of water to this spray did 
not lessen its effectiveness. This treat- 
ment also controls overwintering eggs of 
spider mites and overwintering peach 
twig borer larvae (Summers 1951). 

The use of parathion in the spring has 
the disadvantage of interferring with fruit 
thinning. In order to avoid handling 
parathion sprayed fruit, the grower must 
either thin early (and perhaps increase 
the hazard of loss by late frosts), or spray 
after thinning at a less favorable time for 
scale control. Table 9 shows that sprays 
applied to Santa Rosa plums on May 5, 
1949, were less effective than sprays 
applied April 27, 1949. On plums, if the 
scales remain on the fruit long enough be- 
fore being killed, the mark caused by the 
scales may still be evident at harvest. 
Again, parathion sprays applied after 
thinning may not allow sufficient time for 
weathering before harvest in the case of 
very early varieties. Spring sprays applied 
to peaches and nectarines are, of course, 
in addition to fungicide sprays. It is un- 


fortunate that spring sprays of parathion 
have so many disadvantages since they 
have consistently given the best control of 
olive scale on deciduous fruits (Table 10). 

In contrast to dormant sprays, EPN 
and oil applied in the spring (Table 10) 
gave equal control to parathion and oil. 
Metacide caused scars on many plums 
where the spray dried slowly (Table 9). 
Plum leaves sprayed with Metacide 
showed holes similar in appearance to 
shot-hole disease. The emulsifiable mala- 
thion formulation used in the spring of 
1952 showed a marking of plums. One 
proprietary emulsifiable parathion form- 
ulation also caused the same type of in- 
jury. Apparently, certain emulsifying 
agents may cause injury to young plums 
without regard to the insecticide used. 

SumMaRy.—Some factors influencing 
the effectiveness of control measures 
against the olive scale on olives and on 
deciduous fruit trees are discussed. 

Parathion was the most effective in- 
secticide tested. Its effectiveness was in- 
creased by the use of petroleum oil spray 
srovided the oil was not lighter than the 
light summer grade. 

For olives, the first part of June was the 
most effective time for application of 
sprays. The next most effective time was 
late July, causing no residue problem. 
Spring sprays of parathion on deciduous 
fruit trees were more effective than dor- 
mant sprays but spring sprays constitute 
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a greater hazard to human health. 

Malathion caused injury to young olive 
fruit. Certain emulsifiable concentrate 
formulations of organic phosphate in- 
secticides caused injury to young plums. 

The use of parathion permitted the re- 
duction in dosage of dormant oil for 
deciduous fruit trees while increasing the 
control of olive scale and also controlling 
overwintering eggs of spider mites and 
overwintering peach twig borer larvae. 

Thorough spray coverage of both olive 
and deciduous fruit trees was an import- 
ant factor in control. 
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Two applications of 2 per cent para- 
thion dust were generally not so effective 
as one spring spray of oil and parathion 
to control olive scale on olive trees. 

Annual commercially applied sprays of 
parathion have greatly reduced the olive 
scale infestations. Failure to spray nearly 
always resulted in appreciable increases in 
scale infestation. 


ACKNOWLEDGMENTS.—Grateful acknowledgment 
is made to the various concerns which supplied the 
insecticides used and to the Laboratory of Insect 
Physiology and Toxicology, Department of Ento- 
mology and Parasitology, University of California, 
Berkeley, for the analyses of parathion in olives. 
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Predatism of European Corn Borer Eggs by Arthropods! 


C. W. BarTHOLOMAI 


The literature contains a number of 
references to the destruction of European 
corn borer eggs by &rthropod predators. 
Hergula (1930) reports that young of the 
mite Trombidium fuliginosum Koch de- 
stroved 16 per cent of the eggs in fields 
under observation. Zwiélfer (1928) also 
reports this species, and Paillot (1928) re- 
ports Allthrombium fuligonsum Herm., as 
feeding on corn borer eggs. Both Hergula 
and Paillot, as well as Everly (1938b) and 
Poos (1927), reported chrysopids feeding 
of the eggs. In addition, Zwélfer also re- 
ports the feeding of Coccinella septem- 
punctata L., and Crawford & Spencer 
(1922), Caffrey & Worthley (1927), and 
Everly (1938a) all report the feeding of 
Certomegilla fuscilabris (Muls.) on corn 
borer eggs. However, no study has com- 
bined a complete record of the fate of a 
known number of eggs with a numerical 
census of the various predaceous species 
present. Accordingly, investigations were 
carried out at Lafayette, Indiana in 1946 
to attempt to determine the proportion 
of eggs destroyed by predators and the 
species and numbers of predators present. 
_ Four hybrid corn varieties were used. 
These were: attractive (L317XTr) and 


unattractive (AX CC5) single crosses, and 
Indiana commercial hybrids 818 and 
610B, attractive and unattractive double 
crosses respectively, as based on previous 
tests of inbred lines in the pedigree. These 
were planted in ten blocks, each a ran- 
domized Latin square. Each plot consisted 
of three hills, the corn being thinned to 
one plant per hill. Plantings were made 
on May 10 and 23 and June 18 at La- 
fayette and on May 15 and 23 at West 
Lafayette, Indiana. A _ third planting 
was not made at the latter location be- 
cause soil conditions there did not favor 
late corn. 

The first and second plantings were 
used for first generation studies and the 
second and third for second generation. 
Each block was examined for eggs and 
predators three times per week and ob- 
servations recorded on an_ individual 
form for each hill. Each egg mass was 
encircled and numbered on the leaf with 
India ink when first found. Its number, 
location on the plant, date found, and 
number of eggs were recorded on the 


1 Contribution from the Department of Entomology, Purdue 
University, Lafayette, Indiana. 
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appropriate form. By utilizing this in- 
formation, the mass could be located at 
each succeeding examination and any 
change in its status observed and _ re- 
corded. The mass was observed until it 
hatched, disappeared, or was consumed 
by predators. No difficulty was exper- 
ienced in distinguishing hatched and con- 
sumed eggs when a hand lens was used. 
All stages of predaceous arthropods seen 
were recorded on the form for that hill, 
with the date. In order not to remove 
predators, identification was made only to 
that level which could be determined in 
the field. Only Orius insidiosus (Say) 
nymphs and adults and coccinellid adults 
were readily identified to species. Each 
plant was measured to its extended height 
periodically and silking dates for each 
were recorded. 

Actual observation of predatism was 
rare. Mites were twice seen feeding on 
eggs, and in another instance one was 
seen on an egg mass but was not feeding. 
Although nymphs and adults of Orius 
insidiosus were observed on or near egg 
masses several times, only one was seen 
feeding. One thrips nymph was seen on 
an egg mass, but was not feeding. In 
adjacent corn, Dr. H. O. Deay found an 
adult C. fuscilabris which had just eaten 
four eggs from a mass. Mr. R. T. Everly 
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observed a larva of the same sjecies 
feeding, also in an adjacent plot. After it 
finished feeding, examination of the mass 
revealed that 49 of the 52 eggs had been 
consumed. All of the common predators 
were seen feeding on aphids, and many 
were seen feeding on some stage of their 
own or other predaceous species. 

First GENERATION.—Table 1 gives de- 
tails of these studies. A total of 9061 first 
generation eggs, or an average of 23.6 per 
plant, were found. Ind. 818 received the 
largest number of eggs per plant, both in 
the grand total for the generation and in 
all breakdowns of location and/or date, 
This strain received 37.1 eggs per plant, 
followed by Ind. 610B with 21, AXCC5 
with 19.5 and L317XTr with 16.9. Com- 
bining both locations, the first planting 
received 38.7 eggs per plant and _ the 
second planting 9.1. Combining planting 
dates, the corn planted at Lafayette re- 
ceived 31.6 eggs per plant compared with 
15.6 on that at West Lafayette. 

A total of 785, or 8.7 per cent, of the 
9061 eggs were destroyed by predators. 
There seemed to be no correlation be- 
tween strains, blocks, planting dates or 
locations and the per cent of eggs de- 
stroyed. As might be expected in a mobile 
population, there was no correlation be- 
tween eggs destroyed and strain of corn. 


Table 1.—First generation studies, showing average height of corn, number of eggs per plant, per 
cent eggs destroyed, and number of predators observed. 








STRAINS OF CORN 





AXCC5 


Ind. 818 


Total or 
Average 


L317XTr Ind. 610B 





Lafayette 
Average height (inches) 
Number eggs per plant 
Per cent eggs destroyed 
Number predators 
West Lafayette 
Average height (inches) 
Number eggs per plant 
Per cent eggs destroyed 
Number predators 


26.1 
37 .96 

8.2 
20 


First Planting 


27.1 
67.00 


8 
10 


5 


27 


.38 


30.3 
49 42 
.90 


Second Planting 


Lafayette 
Average height (inches) 
Number eggs per plant 
Per cent eggs destroyed 
Number predators 
West Lafayette 
Average height (inches) 
Number eggs per plant 
Per cent eggs destroyed 
Number predators 


* 2 2 
Oe 2 0 


—_ 


Do rs 


~ 
—s 


rcp 
© vw 


c= 
oe 
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Within locations, however, the blocks 
which had the most eggs also had the 
most predators and usually had the 
highest percentage of eggs destroyed. The 
per cent of eggs destroyed at Lafayette 
(11.3) was more than three times that at 
West Lafayette (3.1), although less than 
one half as many predators were ob- 
served. There were more than twice as 
many eggs at Lafayette, which would 
probably tend to make them easier for 
the predators to locate. 

The most abundant predator species 
was Ceratomegilla fuscilabris, 137 being 
seen. Hippodamia convergens Guer, was 
present in much smaller numbers, only 
37 being seen, and there was a scattering 
of Orius insidiosus, mostly nymphs. 
Ladybird larvae, larval and adult lace- 
wings, and Hippodamia tredecim-punctata 
(L.) adults were rather rare. Three or 
fewer of the following were found: 
Coccinella novemnotata Hbst., Cycloneda 
sanguinea (L.), Adalia bipunctata L., 
thrips, reduviids, nabids and _ mites. 
Predator populations on a per plant basis 
probably cannot give an accurate and 
completely significant picture of actual 
conditions. The picture may be distorted 
by movement of the predators, feeding at 
night or in the early hours of daylight, 
and the length of time (2 days) required 
to make a round of observations. Also, 
such a figure for the whole period when 
first generation eggs were present prob- 
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ably cannot be compared with eggs de- 
stroyed as it could not take into account 
the presence of eggs and predators on the 
same corn at different times. 

At West Lafayette, 144 predators were 
observed during the time first generation 
eggs were present while only 68 were seen 
at Lafayette. In each location, more pred- 
ators were seen on the first planting 
than on the second. Although there were 
more eggs on the first planting, compara- 
tive numbers of eggs and predators indi- 
cate this is not likely the only reason. At 
Lafayette, the first planting had less than 
three times as many eggs as the second, 
but more than five times as many pred- 
ators. At West Lafayette, where there 
were fewer eggs and more predators, the 
first planting had more than 21 times as 
many eggs and slightly more than three 
times as many predators as the second. 
Within blocks, predators seemed well dis- 
tributed, strain of corn, location of the 
plot in the block, and the number of eggs 
in the block apparently having no influ- 
ence. 

Second GENERATION.—Table 2 pre- 
sents details of these studies. A total of 
1009 eggs, or an average of 3.5 per plant, 
were laid on or before August 18. Since 
it was necessary to conclude observations 
on August 26, eggs laid after the 18th 
are not included. Fourteen masses con- 
taining 230 eggs were laid after that date. 
Of these, 39 had been eaten by predators, 


Table 2.—Second generation studies, showing average height of corn, number of eggs per plant, 
per cent eggs destroyed, and number of predators observed. 








STRAINS OF CoRN 





AXCC5 


Ind. 818 


Total or 


L317XT4 Ind. 610B Average 





Second Planting 


Lafayette 
Average height (inches) 
Number eggs per plant 
Per cent eggs destroyed 
Number predators 
West Lafayette 
Average height (inches) 
Number eggs per plant 
Per cent eggs destroyed 


84.3 
1.63 


Number predators 102 


Third Planting 


Lafayette 
Average height (inches) 
Number eggs per plant 
Per cent eggs destroyed 


ee 


79.1 
3.92 

35.01 

Number predators 106 
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64 had disappeared, 26 had hatched, and 
101 were still on the plants in good condi- 
tion when observations were halted. 
317XTr received the highest number 
of eggs per plant for the generation (5.8) 
and in all combinations of location and/or 
date. It also received the highest average 
number of eggs per plant in five of the six 
blocks. Ind. 610B received 3.7 eggs per 
plant; Ind. 818, 3.45; and AXCC5, 0.97. 
The third planting (Lafayette, June 18) 
received a slightly higher number of eggs 
per plant (4.1) than the second planting 
(both locations. May 23), which received 
3.2. At Lafayette, the third planting of 
every strain received more eggs per plant 
than the second, with all except AXCC5 
receiving at least four times as many. 

A total of 381, or 37.8 per cent, of the 
1009 second generation eggs were de- 
stroyed by predators. Strains, blocks, and 
planting dates seemed to have no consist- 
ent influence on the per cent of eggs de- 
stroyed. The second planting had a much 
higher (47) per cent of eggs destroyed 
than the third (21); however, this reflects a 
high (54.3) per cent destroyed on the 
second planting at West Lafayette where 
there was no third planting. At Lafayette, 
23.2 per cent of the eggs on the second 
planting and 21 per cent of those on the 
third were destroyed. The fact that the 
percentage of eggs destroyed at West 
Lafayette was more than twice that at 
Lafayette is probably accounted for by 
the greater concentration of eggs, there 
being 501 eggs on two blocks of corn at 
West Lafayette and 508 on four blocks 
at Lafayette. 

Although Ceratomegilla fuscilabris was 
again the predator seen in greatest num- 
bers, several others had increased in much 
greater proportion since the first genera- 
tion observation period. A total of 530 C. 
fuscilabris were seen, as were 304 Hippo- 
damia convergens, 62 ladybird larvae, and 
162 lacewing adults and 44 larvae. Hippo- 
damia_ tredecim-punctata was abundant 
at Lafayette where 164 were seen, but 
only two were seen at West Lafayette. 
Other predators observed often were: 55 
Coccinella novemnotata, 50 Cycloneda san- 
guinea, 46 Hippodamia parenthesis Say, 
and 25 adults and two nymphs of Orius 
insidiosus. Three nabids, two  penta- 
tomids, and two adults of Adalia bi- 
punctata were also seen. 

While the presence of eggs on certain 
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strains of corn appeared to have no influ- 
ence on the number of predators observed 
there, the presence of unusually large 
numbers of aphids on certain plants 
tended to be accompanied by an increase 
in the number of predators, especially 
Hippodamia tredecim-punctata, on those 
plants. Thus a strain of corn which was 
uniformly and highly attractive to aphids 
probably would have large numbers of 
certain predators. In this study, however, 
the two strains (Ind. 610B and Ind. 818) 
which most often had plants heavily in- 
fested with aphids ranked second and 
fourth, respectively, in total predators 
observed during the second generation. 

AXCC5, which had the fewest eggs, 
had the most predators. At Lafayette, the 
most predators were found on the third 
planting, which also had the most eggs. 
However, more than one third of the 
predators on that planting were on 
AXCC5, which received no eggs. Irres- 
pective of planting date, the number of 
predators per plant was about the same 
at the two locations, there being about two 
and one-half times as many predators on 
the four blocks of corn at Lafayette as 
on the two blocks at West Lafayette. 

SumMARY.—Four strains of corn, two 
attractive and two unattractive to Euro- 
pean corn borer moths, were planted in 
ten blocks, each a randomized four by 
four Latin square. Two blocks were 
planted on each of three dates at La- 
fayette and each of two dates at West 
Lafayette, Indiana. The first two plant- 
ings were used for first generation studies, 
and the second and third for second gen- 
eration studies. Each block was examined 
for eggs and predators thrice weekly and a 
record kept of each egg mass until it 
hatched, disappeared, or was destroyed 
by predators. 

Of the 10,076 eggs laid during the sea- 
son, 1166, or 11.6 per cent, were destroyed 
by predators. The first generation com- 
bined a large number of eggs (9061), 4 
small number of predators (212), and a 


‘large number (785) but small per cent 


(8.7) of eggs destroyed. In the second 
generation a small number of eggs (1009) 
was combined with a large number of 
predators (1445) and a small number 
(381) but high per cent (37.8) of eggs de- 
stroyed. Thus it appears that in years 
when there is a large second generation 
of the European corn borer, predators 
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might destroy a considerable number of 
eggs. 

Actual observation of predatism in the 
plots was rare, mites and Orius insidiosus 
being the only predators seen feeding. 
Both a larva and an adult of Ceratomegilla 
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eggs in adjacent corn by other observers. 
These observations, coupled with the fact 
that it was the most common predator 
species during both of the periods when 
eggs were present, indicate that it was 
the most important predator present. 


fuscilabris (Muls.) were seen feeding on 
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European Pine Shoot Moth Control Tests 


D. P. Connoua,! C. J. Yors? and W. E. Smirn? 


In 1951 and 1952 the New York State 
Science Service in cooperation with the 
New York State Conservation Depart- 
ment carried out a series of experiments 
for the control of European pine shoot 
moth, Rhyacionia buoliana (Schiff.) on 
red pine by airplane spraying. The experi- 
mental areas chosen for the work are lo- 
cated in south central New York in state 
reforestation areas of Madison and Chen- 
ango Counties where considerable dam- 
age by the insect has been experienced. 

Experiments by other workers have 
shown that considerable reduction in 
damage by this insect may be obtained 
by the proper application of insecticides 
using hydraulic ground equipment. Ham- 
ilton (1931) found that a mixture of nico- 
tine sulphate and Penetrol killed the adult 
moths and eggs. Glasgow & Van Buren 
(ca. 1934) and Friend & Plumb (1938) 
found both lead arsenate and rotenone to 
be effective against the newly hatched 
larvae. More recent work has shown DDT 
to have a long lasting effect against newly 
hatched larvae (Friend & Plumb 1952, 
Stearns 1953). 


The use of hydraulic ground equipment 
is limited to small plantings of trees and 
is impractical in large reforestation areas 
where the labor and expense involved 
would not be justified. Therefore, studies 
on the control of the European pine shoot 
moth by airplane spraying were made. 
DDT at various concentrations per acre 
was sprayed at the time the moths were 
emerging and laying eggs. Results of these 
tests are presented in this paper. 

MATERIALS AND Metuops.—In 195/, 
four plots were selected for the experi- 
ments. Three are located in Madison 
County within a quarter of a mile of each 
other in what is referred to here as the 
spray area. The fourth plot is located in 
Chenango County within a few miles of 
the spray area and is referred to here as 
the check area. The DDT concentrations 
used are given in table 2. 

Prior to spraying, observations were 
made on the plots to determine the stages 


1 New York State Science Service, New York State Education 
Dept. 

2 Bureau of Forest Pest Control, New York State Conserva- 
tion Dept. 
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Table 1.—Correlation of height of trees with 
intensity of attack by the European pine shoot 
moth in the experimental areas in 1951. 








Cueck AREA SPRAYED AREA 





Per Cent 
Damaged 
Tips 


Num- 
ber of 
Trees 


Per Cent 
Damaged 
Tips 


Num- 
ber of 
Trees 


HEIGHT 
CLAss 
IN FEET 





6- 8 12 42 20 46 
8-10 13 43 28 41 
10-12 42 39 23 33 
12-14 26 41 5 42 
14-16 6 18 0 0 





Totals 99 76 





of the moths. By July 10 pupae, emerged 
adults, eggs and newly hatched larvae 
were found on the trees. Observations of 
numerous damaged buds and puparia in- 
dicated that most of the moths had al- 
ready emerged. 

Spray applications by airplane were be- 
gun on July 11 and completed on July 12. 
The airplane used for the applications 
was a Stearman biplane, owned by the 
New York State Conservation Depart- 
ment, which was equipped with 42 B-5 
Spraying Systems nozzles mounted on a 
30-foot boom on the lower wing. This 
equipment was calibrated to deliver 2 gal- 
lons of spray per acre at a nozzle pressure 
of 70 p.s.i. when the plane is flown at 80 
m.p.h. air speed at about 100 feet eleva- 
tion. The DDT used was formulated by 
dissolving technical grade DDT in Sova- 
cide PD 544B at the rate of 3 pounds in 3 
quarts of solvent. To this was added 5 
ounces of Triton X-100 emulsifier. This 
made 1 gallon of concentrate which when 
mixed with 2 gallons of water gave 3 gal- 
lons of finished spray with 1 pound of 
DDT per gallon. 

Sprays were applied in morning and 
evening hours when air currents were at 
their minimum. Several 4” <6” glass plates 
placed on the ground in open spaces in the 
plots indicated there was a good deposit 
of spray. Since the airplane equipment 
was calibrated to deliver 2 pounds of DDT 
in 2 gallons of spray per acre it was neces- 
sary to make a second application to Plot 
3 so that its treatment was actually 2 
pounds DDT in 2 gallons of spray per 
acre applied twice, rather than 4 pounds 
DD Tin 4 gallons of spray per acre applied 
once. In Plot 2 which received 3 pounds 
DDT in 8 gallons of spray per acre, one 
application was made at the rate of 2 gal- 
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lons per acre and a second application 
was made with half the spray nozzles 
plugged so that the delivery was 1 gallon 
per acre. Since all spraying was done un- 
der good conditions for airplane spraying, 
it is felt that the spray deposit was the 
best that could be obtained. 

In October 1951, data were collected 
on the experimental plots for the purpose 
of evaluating the effects of the sprays. 
The method used provided for the exami- 
nation of 10 red pine tips for damage on 
each tree chosen for sampling. The tips 
were picked at random at about breast 
height. In order to determine the size 
limit of trees to be used for sampling, a 
number of trees of various heights were 
sampled in the experimental areas by the 
method described. Table 1 presents the 
data collected by height classes. It will be 
noted from it that trees from 6 to 14 feet 
high were attacked with equal intensity. 
Therefore, trees chosen for measuring the 
effects of the spray were selected within 
these limits. The number of trees selected 
for sampling on each plot depended to a 
large extent on the size of the plot. In or- 
der to insure an even distribution of the 
sample trees, the plots were divided into 
sections and sample trees were picked at 
random in the sections, making sure that 
the trees were evenly distributed within 
each section. 

The method of determining damaged 
tips was based on conditions as they were 
found in the field at the time of observa- 
tion. In the fall, new damage on tips was 
determined by the finding of a pitch mass 
in the new bud cluster. Older damage was 
determined by deformities or lack of later- 
al shoot growth for a particular year. In 
the spring, after growth had started, dam- 
aged tips could be detected by dead or in- 
jured buds or deformed new shoots. 

In 1952 the tests were carried out in the 
same general areas as in 1951. The plots 
were sprayed with 4 pounds of DDT per 
acre. The main objective was to confirm 
results obtained in 1951. Therefore, three 
replicate plots were sprayed on July 10 
and 11, 1952 using the same DDT formu- 
lation and equipment as in 1951. At the 
time of spraying, most of the moths had 
emerged and were laying eggs. Some of the 
eggs had already hatched and it appeared 
that although the same conditions pre- 
vailed on the same dates in 1951, yet there 
seemed to be a greater percentage of 
adult emergence in 1952. At the time of 
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these observations a pre-spray count was 
made of damaged tips on the plots. Post- 
spray counts were made in November 
1952 by examining the new bud clusters. 

tesuLts.—Results of tests in 1951 and 
1952 are presented in table 2. It may be 
seen that in 1951 2 pounds of DDT and 
3 pounds of DDT per acre respectively, 
had no effect in reducing damage by the 
moth. Four pounds of DDT per acre re- 
duced damage to 12 per cent. By Abbott’s 
formula the reduction is 69 per cent. Fol- 
low-up counts of damaged tips in this plot 
in November 1952 indicated that damage 
had gone to 34 per cent, which is practi- 
cally the same as it was before spraying. 
Data from the 1952 experiments show 
that no appreciable reduction in damage 
was obtained with 4 pounds DDT per 
acre in any of the replicates. 

Discussion.—No satisfactory explana- 
tion was found to account for the fact that 
appreciable reduction in damage occurred 
with the four pounds of DDT in 4 gallons 
of spray mixture in 1951, but not in 1952. 
That it did occur the first year suggested 
that confirmatory tests be made the next 
year, and the fact that similar results were 
not obtained requires further work to ac- 
count for the discrepancy. 

The work done on this species by other 
workers, using various sprays applied 
from the ground as cited previously, em- 
phasizes the importance of thoroughness 
of application and correct timing. It is 
obvious that thoroughness in the sense of 
being able to give individual attention to 
each tree is impossible in airplane work. 
Even with the ag pe it is difficult, 
and tests made by the U. S 5. Department 
of Agriculture (McInty re 1951),3 using a 
helicopter, did not indicate any advan- 
tage, with this particular insect, over the 
fixed wing plane, even though the spray 
deposit was greater (Waters & McIntyre 
1953"), 

Timing remains as the most important 
probable reason for the difference in re- 
sults. In 1951, the spray was applied at‘a 
lime when emergence was at its height 
and a large number of moths were in 
fight. That the spray could have affected 
the adult moths is one theory that has 
been advanced although there was no di- 
rect evidence on this point and adult Lep- 
idoptera are ordinarily not considered to 
be very susceptible to DDT. Another, and 
perhaps more tenable assumption is that 
In 1952, owing to a period of high temper- 
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Table 2.—Red pine tips damaged before and 
after spraying with DDT for control of the Euro- 
pean pine shoot moth. 








Berore SpRAYING AFTER SPRAYING 


No. DDT 
Plot of spray 
No. Acres per Acre 


Cen 
Dam- 
aged 


Total 
( vounted 


Cent 
Dam- 
aged 


Total 
Counted 
‘Sprays applied. Sly il é 12, 1951 
Ds. In 
25 gallons 500 31 500 
3 lbs. in 3 
6 gallons 250 34 
4 lbs. in 4 
gallons 990 38 
45 None 750 44 
‘Spraye applied- 
4 Ibs. in 4 
20 gallons 
4 Ibs. in 4 
20 gallons 
4 Ibs. in 4 
20 gallons 1000 19! 1000 35 
12 None 600 45 600 46 


July 10 & 11, 1952 
1000 63 100 56 


1000 31 1000 30 





1 Because of rain and wet foliage at time of counting, this 
count is not representative of the entire plot. 


ature and low rainfall, development had 
been more rapid, and more of the larvae 
had bored into the bases of the needle- 
fascicles, out of reach of the spray. A 
study of meteorological data taken at 
Norwich, N. Y., which is within 25 miles 
of the test area, revealed that average 
temperatures for June and July 1952 were 
higher than those for the same period in 
1951, and that June, 1952 was drier than 
June, 1951. 

SuMMARY AND Concuusions.—Although 
favorable results were obtained against 
the European pine shoot moth with an 
airplane spray of 4 pounds of DDT in 4 
gallons of emulsion per acre in 1951 there 
was no reduction in injury by this pest 
when the tests were repeated in 1952. Un- 
known factors involved in the timing of 
the sprays were probably responsible for 
this discrepancy. 

More tests are needed; but if, as is quite 
possible, success can be obtained only 
through a fortunate combination of favor- 
able conditions most of which are unpre- 
dictable, and none of which can be con- 
trolled, then the use of the airplane for 
spraying with DDT to control the Euro- 
pean pine shoot moth, as described in this 
paper, appears less promising than the 
first experiments indicated. 


T. 1951. Helicopter spraying for control of the 
Allegheny National 
Div. of Forest 


* McIntyre, 
European pine shoot with moth on the 
Forest—1951. U.S.D.A., Bur. Ent. & Pl. Quar., 
Investigations. U inpublished report. 

* Waters, W. and T. McIntyre, 1953. Airplane spraying 
for white pine 35° control in New York.—1952. Analysis of 
DDT deposit data. U.S.D.A., Bur. Ent. & Pl. Quar., Div. of 
Forest Insect Investigations. Special report. U npublishe d. 
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Effect of Field Treatments of Insecticides on Numbers of 
Bacteria, Streptomyces, and Molds in the Soil! 






W. B. Bouten, H. E. Morrison and H. H. Crowe .1,? Oregon Agricultural 


The increasing use of DDT and other 
soil insecticides is not without danger of 
reducing soil fertility (Foster 1951). At- 
tention has therefore been directed to 
possible effects of these materials on soil 
microérganisms and their functions. These 
functions include (1) decomposition of 
organic matter and the concomitant for- 
mation of humus, (2) ammonification or 
the liberation of ammonia from proteins, 
and (3) nitrification or the oxidation of 
ammonia to nitrate. Ammonification and 
nitrification transform the nitrogen of or- 
ganic residues to soluble compounds as- 
similable by green plants, and are espe- 
cially important because available nitro- 
gen is so frequently a limiting factor in 
crop production. Other prominent activi- 
ties of soil microérganisms result in the 
fixation of gaseous nitrogen from the at- 
mosphere, the oxidation of sulfur to sul- 
phate, and the reduction of nitrates under 
certain conditions to nitrites and free ni- 
trogen. Study of these specialized activi- 
ties requires appropriate and often com- 
plex procedures involving chemical as well 
as microbial analyses. However, the num- 
bers of bacteria and molds as determined 
by plate counts indicate within broad 
limits the soil’s crop producing potenti- 
alities, and since plating is relatively sim- 
ple it is well suited for preliminary investi- 
gations. In general, the more organic 
matter present in the soil, and the better 
the physical and chemical condition, the 
greater the numbers of microérganisms. 

Wilson & Choudri (1946, 1948), in la- 
boratory studies, showed DDT and BHC 


Experiment Station, Corvallis 





in amounts considerably exceeding prac- 
tical field applications had no significant 
effect on development of bacteria and 
molds, nor on certain of their physiologi- 
cal activities important in soil fertility. 
Smith & Wenzel (1947) found that 5 to 
200 p.p.m. DDT were not definitely in- 
jurious and in some cases were stimulative 
to heterotrophic bacteria, physiological 
types involved largely in organic decom- 
position. Nitrifying bacteria were inhib- 
ited by DDT. BHC proved definitely 
fungicidal and also toxic to_ nitrifiers; 
chlordane was found less toxic than BHC; 
toxaphene was stimulating to bacteria 
and molds as shown by plate counts and 
apparently was utilized as a carbon source. 

At the Oregon Station preliminary un- 
replicated plots laid out in 1947 to study 
the effects of heavy soil applications of 
insecticides on plant growth showed that 
some materials were quite toxic to many 
vegetables (Morrison et al, 1948). Obser- 
vations made in these same plots during 
1948 showed that adverse effects of the 
insecticides continued throughout — the 
season. This led to the desire for informa- 
tion on effects of the insecticides on soil 
microdrganisms in the field. Samples for 
plate counts were therefore taken from a 
series of experimental plots laid out on 
several different soil types for a study of 
various insecticides at different rates of 
application. 


1 Approved for publication by the Director of Oregon Agri- 
cultural Experiment Station as Technical Paper No. 818. Con- 
tribution of the Departments of Bacteriology and Entomology. 

2 Bacteriologist and Associate Entomologists respectivel) 
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Table 1.—Effect of field applications of BHC, 
chlordane and DDT on microérganisms in dif- 
ferent soils. 








MICROORGANISMS PER GRAM 
OF Sor 
Bacteria 
Strepto- 
myces 


RATE pH Molds Total 


Lbs./acre Thousands Millions Per Cent 
Corvallis field No. 1, Amity silty clay loam 
30.3 19.4 


6.5 
14.7 


6.8 
6.4 50.0 


None 
BHC! 10 
BHC 20 


Corvallis field No. 2, Wapato clay loam 
6. 50.8 41.0 
38.0 
45.3 
75.3 


30.5 
33.5 


None 

BHC 10 5. 
BHC 10 5. 
BHC 10 6. 


77.3 
56.5 


39.3 


Jefferson field, Newberg fine sandy loam 
None . 36.5 15.4 
BHC 
BHC 
BHC 
BHC 
BHC 
Chlordane 
Chlordane 
Chlordane 


16.0 0. 
23.5 
13.6 
18.5 


0.25 1 
1 
1 
1 
48.5 1 
1 
1 
1 


oO 


cue S 
occ, 


2 


os 


20.8 
7.0 
18.8 


or 
AAA A AAAS 
oer neocewnne 


8 
7 
1 
5 
3 
9 
7 
4 


4. 
0. 
5. 
4. 
1. 
4. 


Oo 


Astoria field, Melbourne clay loam 
t 207.5 14.5 
145.0 15.0 
197.5 13.0 
91.5 16.6 
205.5 iif 
192.5 15. 
185.0 14.: 


None 

BHC 1 
BHC 5 
BHC 9 
DDT 5 
DDT 10 
DDT 20 


Sr Or Gr Gr Gr Gr Gr 





1 All BHC rates per acre are based In gamma isomer content. 


Merrnops.—In most cases the insecti- 
cides were incorporated with the soil by 
rotary tillage, which has been found to 
give nearly uniform distribution and mini- 
mum loss by drag (Morrison & Crowell 
1952). Wettable powders containing 20 to 
25 per cent active compound were used in 
amounts necessary to give the indicated 
concentrations of actual insecticide in 
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pounds per acre 63 inches (2,000,000 Ibs.). 
One pound per acre is equivalent to 0.5 
p.p.m. or 0.0344 pounds per cubic foot. 
The materials were diluted with sand and 
applied with a small fertilizer applicator 
before rotary tilling. On the Labish peat, 
water suspensions were applied with a 
trombone sprayer for comparison with the 
wettable powder-sand mixture. A power 
soil injector was used for the D-D fumi- 
gant mixture and ammonia. 

One 226-cu. in. composite sample was 
taken to plow depth from each plot. Plots 
on the Amity, Wapato and Newberg soils 
were sampled 1 week after treatment. All 
others were sampled the same day the 
insecticides were applied, control samples 
being taken before any treatments were 
made. Samples were placed in paper bags 
or friction-top tin cans and brought to the 
laboratory; they were opened and allowed 
to stand, well isolated from each other, 
until just sufficiently dry for screening. 
They were then passed through a 10-mesh 
sieve and stored in friction-top cans at 
room temperature. Moisture determina- 
tions were made by drying 100-gm. sam- 
ples for 24 hours at 105° C. A soil: water 
ratio of 1:5 and the glass electrode were 
used for pH. Counts of bacteria and Strep- 
tomyces were made from appropriate dilu- 
tions plated out in triplicate with sodium 
albuminate agar (Fred & Waksman 1928) ; 
10 days incubation at 28° C. was em- 
ployed. Molds were plated out on peptone- 
glucose-acid agar and counted after 5 
days at 28° C. All counts were calculated 
on the basis of water free soil. 

Analyses were made 10 to 20 days after 


Table 2.—Effect of field application of different insecticides on microdérganisms in Chehalis silty 


clay loam soil.! 








INSECTICIDE? Totals 


pH 


Thousand 
None d. 26.0 8 
BHC 7 23.2 12 
DDT 5. 22.3 9 
EPN 4s 26.7 9 
Aldrin 5 11.0 4 
Dieldrin d. 42.2 3 
Chlordane i. 40.2 3 
Parathion B.S 20.8 10 
Toxaphene j $7.0 3 


Mo.ps 


Mucors 


Per Cent Per Cent Per Cent 


BACTERIA 


Strepto- 


Penicillia  Aspergilli Total® myces 
Millions — Per Cent 


77 5 6. 
74 To 
71 

$2 
82 
83 
85 
82 
82 


om i — eS 
me Sr Or ee Or Or Or 
Cr) em 8) eet ee 


_—__ 





ee . ; ; 
Averages of three samples from each treated pits values for untreated are averages of 11 samples, including composites from 
each of three check plots and from each treated plot before treatment. 

? Wettable powders applied in amounts to give 10 pounds of active ingredient per acre. 


* Numbers per gram of soil, water-free basis. 
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Table 3.—Effect of D-D fumigant mixture on 
microdrganisms in Willamette silty clay loam 
soil. 








MICROORGANISMS PER 
GRAM OF SOIL 
Bacteria 
Strepto- 


‘TREATMENT Rate pH Total myces 


Molds 
Thou- Mil. Po 


sands lions —_ ent 





Santa Clara field No. 1, spring application 
R 1 52.5 19 
17 


Control 
Control 


17 
26 
22 


D-D 
D-D 
Average 


D-D plus 96 gal/A. 

aq. ammonia 50 Ibs./A. 

D-D plus 96 gal/A. 

aq. ammonia 50 A. yf 30. . 22 
Average .6 


48 gal/A. 
48 gal/A. 


1 
5 
6 
Average 6 ‘ A 18 
6 
6 
6 


5 : : 34 


Santa Clara field No. 2, summer application 

Controls! 
Minimum 4 
Maximum o¥ 
Average 5 


24.8 1.2 
750.0 16.1 
235.0 8.8 


D-D! 
Minimum 
Maximum 
Average 





1 5 replicate plots. 


the samples had been sieved and placed 
in the containers. Moisture in the pre- 
pared samples varied slightly in each set; 
for the several soil types it ranged from 
approximately 0.2 to 0.3 of the saturation 
capacity. A moisture content near one- 
half saturation is considered optimum for 
general microbial activity. At the time of 
analysis, therefore, the microédrganisms 
in the soil had been exposed to the insec- 
ticides for about 2 weeks with moisture 
somewhat less than optimum but still suf- 
ficient for considerable growth and activ- 
ity. The results in tables 1 to 4 inclusive 
are interpretable on this basis. Table 5 
illustrates changes in some selected sam- 
ples after storage for 5 to 10 months in 
closed friction-top cans. 

Discussion.—l. BHC on _ Different 
Soils.—The effect of BHC on numbers of 
molds as shown by data in table 1 for the 
four different soils is neither sufficiently 
great nor consistent enough to be conclu- 
sive. The general trend is one of inhibi- 
tion, particularly in the Newberg and Mel- 
bourne soils. Total numbers of bacteria, 
except for considerable increases in two 
samples, showed relatively small differ- 
ences due to BHC treatments. At 20 
pounds per acre the insecticide strongly 
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depressed the percentage of Streptomyces, 
This group of higher bacteria is important 
because of their ability to attack such re- 
sistant organic matter as lignins and celly- 
loses. Except for the decrease noted with 
BHC, their numbers were little altered 
by any of the treatments. Chlordane and 
DDT decreased numbers of molds but had 
little effect on bacteria. 

2. Different Insecticides on One Soil. 
—Comparative effects of eight different 
insecticides on one soil are shown in table 
2. Again, BHC and DDT depressed the 
mold counts, though slightly. Aldrin ap- 
pears definitely depressive, while dieldrin, 
chlordane and_ toxaphene _ produced 
marked increases. The differential mold 
counts show no significant differences: 
Penicillia, as usual for most soils, show a 
predominating percentage, while the mu- 
cors and Aspergilli occur in typically lim- 
ited ranges. Differences in the bacterial 
counts and Streptomyces pereemtages are 
too small to be significant. 

3. D-D Fumigant.—Table 3 shows that 
D-D fumigant applied in the spring defi- 
nitely decreased the numbers of molds 
and bacteria. Addition of ammonia with 
the D-D mixture lessened the depressive 
effect on bacteria and stimulated the 
molds. The Streptomyces exhibited some 
irregular increases. Differential mold 
counts showed that D-D alone lowered 
the percentage of Penicillium to about 
one-half of their usual predominance in 
soils; they remained low with the addition 


Table 4.—Effects of chlordane and toxaphene 
on microbial numbers in Lake Labish peat soil 
as shown by plate counts and statistical analysis.’ 








Mo.ps BactTeERIA 


To- Mu- Peni- Asper- To- 
TREATMENT tal cors cillia gilli tal 


Strep- 
tomyces 





Thous- Per Per Per Mil- Per 
nds Cent Cent Cent lions Cent 





Chlordane, 
4lbs./A. 72.2 3.7 


Chlordane, 
6 lbs./A. 


87.8 2.3 63.3 19.0 


73.6 3.5 78.5 2.6 99.1 38.7 
Toxaphene, 

0 Ibs./A. - 2.4 81.9 2.0 
Toxaphene, 

20 Ibs./A. , 4.1 76.7 4.4 


Controls ‘i 7.9 68.0 8.8 

LSD 
19-1 
99-1 


37.4 $ 3.99 
0 ms 


5.1 9. 
50.5 6.6 12. 





1 Counts shown are averages from 3 means, each for 5 samples 
from each of 3 replicate plots. 





ene 
soil 
sis.! 


IA 
trep- 
nyces 


Per 
ent 


19.0 
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Table 5.—Changes in microbial analysis of 
D-D treated Willamette silty clay loam soil 
samples! after storage. 


—_- 








CHANGE IN BACTERIAL 
Count 





CHANGE 
1n Moip Strepto- 


TREATMENT Count Total myces 





Thousands Millions Per Cent 

Santa Clara field No. 1, samples in storage 8 months 
Control +39.5 —29.5 +42 
D-D? +21.0 +19.7 +36 
D-D? plus aq. 

ammonia’ +3.5 +8.0 +32 
Santa Clara field No. 2, samples in storage 5 months 
Control —331.0 +57.4 +6 
D-D* —117.0 +46.5 +10 








1 Averages of replicates. 
2 48 gallons per acre. 
3 50 pounds per acre. 
433 gallons per acre. 


of ammonia, while Aspergillus, ordinarily 
occurring in minor proportion, was great- 
ly increased. Significance of these altera- 
tions is not clear, but the nitrogen fertiliz- 
ing value of ammonia could be in part 
responsible for the increase in molds. Dif- 
ferences between the spring and summer 
counts reflect seasonal variations in the 
soil environment. However, application 
of D-D in summer also produced a con- 
siderable decrease in molds, even though 
the numbers were much higher than for 
the spring counts. Differential counts were 
not possible on the later mold plates be- 
cause mucors and other spreaders rapidly 
overgrew all the more usual kinds. 

4. Chlordane and Toxaphene on Peat 
Soil.—The number of samples examined 
in the foregoing studies were necessarily 
limited and the data could not be statis- 
tically analyzed. While the results sug- 
gested that the several insecticides stu- 
died can have stimulating as well as de- 
pressing influences on numbers of micro- 


organisms in the soil, no overwhelming 
increases or approaches to sterility were 
observed. The findings are therefore in- 
conclusive. To obtain more definite infor- 
mation the next field trial, conducted on 
Lake Labish peat soil, was elaborated and 
more extensively sampled. Treatments 
and controls were replicated three times 
and microbial counts were made on five 
samples from each plot. This gave suffi- 
cient data for statistical analysis. The 
results are condensed in table 4. 

Whether the insecticide was applied as 
a spray or as the wettable powder-sand 
mixture made no significant difference. 
Results for the two methods are therefore 
combined in the summary. The pH values 
which ranged from 5.6 to 6.1, averaging 
5.8, have been omitted. Numbers of 
molds, and percentage of Penicillia were 
significantly increased by toxaphene at 10 
pounds per acre. Chlordane increased the 
Penicillia without significantly altering 
the total mold counts. No significant 
changes in numbers of bacteria resulted 
from any treatment, but chlordane at 6 
pounds per acre increased the percentage 
of Streptomyces. The anomaly of toxa- 
phene at 20 pounds per acre having no ef- 
fect, while at 10 pounds per acre it sig- 
nificantly increased molds and Penicillia, 
could possibly be attributed to the Arndt- 
Schulz phenomenon and Hueppe princi- 
ple, which recognize as a general biologi- 
cal effect of poisons that below a minimum 
harmful concentration they become in- 
different or stimulating. The limited 
water-solubility of the compound could 
prevent applications of 20 pounds or more 
per acre from becoming toxic. 

5. Prolonged Contact.—To determine the 
effect of prolonged contact with the in- 
secticide, selectee samples from the Santa 
Clara and Lake Labish plots were an- 
alyzed again after they had remained in 


Table 6.—Changes in microbial analysis of Lake Labish plot samples' after 10 months storage. 








. 


CHANGES IN Mop Count 


CHANGE IN 
BACTERIAL CouNT 





‘TREATMENT Total Mucors 


Penicillia 





Aspergilli 


Total Streptomyces 





Thousands Per Cent 
Control +216 —$ 
Chordane, 4 lbs. /A +172 —+ 
Chordane, 6 Ibs./A +197 0 
Toxaphene, 10 Ibs./A. +93 =k 
loxaphene, 20 Ibs./A. +164 —3 


——— 


Per Cent 


Per Cent Millions Per Cent 

427 +1 +10 +37 

—7 —3 —31 +38 
+4 +1 —42 +33 
+3 —1 — 26 +45 
+5 4 +24 +30 








' Averages of randomly selected replicates. 
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air-tight storage at room temperature for 
5 to 10 months. Changes from the original 
counts made shortly after samples were 
collected in the field are shown in tables 
5 and 6. In Santa Clara samples it is ap- 
parent that molds and bacteria could mul- 
tiply in the D-D treated soil, except that 
in the summer treated soil the molds de- 
creased, but less so than in the controls. 
Molds increased in the peat soil samples, 
but less extensively in the presence of the 
insecticides. The bacteria decreased mark- 
edly with chlordane; toxaphene gave 
results not necessarily inconsistent with 
the original counts in table 4, considering 
the food supply and other environmental 
factors to be uniform in all samples. 
Changes in Streptomyces were little in- 
fluenced by the fumigant or insecticides. 
It would seem that under field conditions, 
where deterioration or loss of the various 
compounds could well be more rapid than 
in stored samples, that the effects of pro- 
longed contact would be minimized. While 
chlordane appeared to inhibit bacteria in 
the soil on storage, effects of the other tox- 
icants were not distinctly altered with 
time. 

Conclusions.—No immediate harmful 
effects on soil microdrganisms were caused 
by field applications of any of the insecti- 
cides studied. Otherwise the results are 
indicative only. Strong and readily ob- 
servable effects were definitely not pro- 
duced. None of the treatments resulted in 
either an approach to sterility or a many- 
fold increase in molds, bacteria or Strep- 
tomyces; nor were marked changes in pro- 
portions of these microbes produced. In 
some cases increases exceeding 100 per 
cent and decreases as much as 80 per cent 
were observed, but such variations were 
found with samples from replicate plots 
as well as with samples from differently 
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treated plots. Adequate microbial analy. 
sis of field plots requires many samples, 
and is laborious and time-consuming, 
Routine examinations of spot samples are 
likely to reveal little else than overwhelm- 
ing effects. In but one of the field trials 
was it practicable to obtain a number of 
samples adequate for statistical analysis 
of the data. Laboratory experiments un- 
der controlled conditions, using composite 
bulk samples from the field, can offer more 
extensive and reliable information from 
the study of such essential microbial activ- 
ities as nitrification, sulfur oxidation and 
organic matter decomposition. Such stud- 
ies on a variety of soil types are now in 
progress. 

SumMaAry.—Field applications of BHC 
and DDT depressed mold counts in sey- 
eral types of soil, including a sandy loam, 
silty clay loams, and clay loams. Toxa- 
phene significantly increased molds and 
the percentage of Penicillia in a peat soil. 
BHC in some instances increased numbers 
of bacteria, but the counts for this group 
of organisms were on the whole not signif- 
icantly altered by any of the toxicants. 
Chlordane showed no definite toxic effects. 
The results are in general agreement with 
reports by previous investigators. 

In one field trial aldrin inhibited molds 
while dieldrin increased their numbers; 
parathion and EPN had little effect. Num- 
bers of bacteria were not significantly 
changed by these chemicals. 

D-D fumigant definitely decreased 
numbers of molds and bacteria, but when 
ammonia was added with the D-D molds 
were increased and bacteria were less de- 
pressed. 

Counts repeated on stored samples 
showed that effects of D-D, chlordane and 
toxaphene were not distinctly altered in 
5 to 10 months. 
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Effect of Field and Laboratory Treatments with BHC and 
DDT on Nitrogen Transformations and 
Soil Respiration! 


W. B. Botien, H. E. Morrison and H. H. Crows 1,? Oregon Agricultural 
Experiment Station, Corvallis 


Preliminary plate count studies on soils 
treated with insecticides in the field at 
various rates showed that toxaphene at 
10 pounds per acre significantly increased 
numbers of molds and percentage of Peni- 
cillia. It was found also that D-D fumi- 
gant at 48 and 96 gallons per acre was 
definitely depressive to molds and bacte- 
ria, but that this depression was consider- 
ably lessened by applying aqua ammonia 
at 50 pounds per acre with the fumigant. 
Aside from these findings, the extensive 
data indicated only that no outstanding 
inhibitive or depressive effects were pro- 
duced by the toxicants studied (Bollen 
et al. 1954). Plate counts are laborious, 
especially when applied to the number of 
samples required for statistical analysis, 
and the results bear only a general rela- 
tionship to soil fertility. For further work 
it appeared more feasible to make labora- 
tory studies on the influence of insecti- 
cides on some important soil microbial 
functions. 

Results of such studies made on bulk 


soil samples from BHC and DDT treated 


Table 1.—Analysis of cove clay adobe soil (data 
on water-free basis). 








From ENTOMOLOGY 
FreLtp Pots 





Control DDT! BHC? 
Widens —% 23.9 25.3 20. 
Saturation capacity—% 60.0 63. 63. 
pH 6.6 a 6. 
Nitrogen 
Ammonia, p.p.m. 
Nitrite, p.p.m. 
Nitrate, p.p.m. 
Kjeld: ihl, % 
Total ec: arbon, % 
C/N ratio 
Microbrganisms 
Molds—thousands 18. 26. 19.6 
egg % 35 26 28 
Penicillia, % 55 : 
Aspergilli, % 10 : 
Bacteria, millions 58.0 y 23.5 
Streptomyces, % 20 2 21 





33 
1 
8 
0.222 
2.989 


13.5 


—_ 


ra?) 
—wo oo aD 
— 


—_ 





: Received DDT at 137.5 lbs. A, actual. 
: Received BHC at 275 Ibs/A. 
* Overgrown by Mucoraceae. 


plots are presented here. The plots were 
laid out in the spring on Cove clay adobe 
soil as described by Morrison et al. (1948). 
The BHC plot received 275 pounds of 
BHC per acre, applied as a technical prod- 
uct containing 10 per cent of the gamma 
isomer. DDT was applied as a commercial 
wettable powder at a rate equivalent to 
137.5 pounds actual DDT per acre. Com- 
posite soil samples weighing approximate- 
ly 100 pounds each were taken from the 
control and treated plots after fall plowing 
7 months later. These were sieved through 
a t-inch mesh screen when collected; later 
they were reduced to 10-mesh per inch, 
thoroughly mixed, and stored in covered 
50-gallon cans for use as required. Analyt- 
ical data are given in table 1 

The greater amounts of Kjeldahl nitro- 
gen and total carbon in the treated plot 
samples is not attributable to the insec- 
ticides, nor to any known previous cul- 
tural history before treatment. Aside from 
natural or introduced factors of unknown 
origin, it is possible that irregularities in 
distribution and incorporation of crop 
residues caused some of the variation 
found. Differences shown in total molds 
correspond approximately to the differ- 
ences in organic matter and C/N ratio. 
Therefore, the greater numbers found in 
the treated plots cannot be attributed 
directly to the insecticides. The decreases 
in bacterial numbers, however, definitely 
appear to result from the BHC and DDT 
treatments. 

Soil from the check plot was treated in 
the laboratory with alpha-, beta-, delta-, 
and gamma-BHC, each at 1000 p.p.m., 


‘ to investigate the effect of each isomer on 


development of bacteria and molds, on 
ammonification and nitrification of pep- 
tone, and on nitrification of ammonium 
sulfate. The effect of field treatment with 
DDT and BHC on these microbial func- 
tions and on soil respiration in plot sam- 

1 Approved for publication by the Director of the Oregon 
Agric to Experiment Station as Technical Paper No. 819. 
Contribution of the Departments of Bacteriology and En- 


tomology. | ' . 
2 Bacteriologist and Associate Entomologists, respectively. 
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Table 2—Effect of BHC isomers on development of molds and bacteria in cove clay adobe soil.' 








Mo .ps BACTERIA 





Total per 
Gram of 


TREATMENT® Soil’ 


Mucors 


Number 
per Gram 
of Soil® 


St repto- 
myces 


Asper- 
Penicillia gilli 





Thousands 
28 
36 
15 
19 

4 
70 
35 
49 

105 
78 
68 
35 
32 
83 
80 


Soil only 

BHC-alpha 

BHC-beta 

BHC-delta 

BHC-gamma 

Dextrose 

Dextrose+ BHC-alpha 

Dextrose +BHC-beta 

Dextrose+ BHC-delta 
Dextrose+ BHC-gamma 
Dextrose + NH,NO; 

Dextrose+ NH,NO;+BHC-alpha 
Dextrose + NH,NO;+ BHC-beta 
Dextrose+ NH,NO;+ BHC-delta 
Dextrose+ NH,NO;+ BHC-gamma 


Per Cent 


Millions — Per Cent 
1. 
&. 

30. 
2. 

10. 
70. 

107. 

157. 

127. 

178. 

68. 

100. 

116. 

143. 

148. 


Per Cent Per Cent 
91 0 
72 0 
83 
79 
63 
78 
86 
79 
98 
86 
95 
90 
85 
94 
85 


3 
17 
12 

5 


3 
+ 
10 





1 Incubated 21 days at 28° C. 
2 BHC isomers added at 1000 p.p.m.; dextrose at 5000 p.p.m.; 
3 Water-free basis. 


ples was similarly studied, but without 
laboratory additions of any insecticides. 

In all cases, the laboratory treatments 
were made in duplicate, using samples of 
soil equivalent to 100 grams on the water- 
free basis. The BHC isomers employed 
were supplied by the California Spray- 
Chemical Corporation; before use the 
crystals were ground in an agate mortar 
and passed through a 100-mesh screen. 
Bacto peptone was used for the ammoni- 
fication studies. These materials were 
added in the dry state and mixed with the 
soil. After transferring to 3-pint milk bot- 
tles, sufficient distilled water was added 


NH.NO, at 125 p.p.m. N to give C/N =16. 


to bring the moisture to the optimum of 
60 per cent saturation. Other chemicals, 
all of reagent grade, were added in solu- 
tion when required, the volume _ being 
subtracted from the water subsequently 
added. The bottles of prepared soil were 
covered with caps perforated for aeration 
and incubated at 28° C. for the time indi- 
cated in the tables. Moisture loss was re- 
stored by weight every 4 or 5 days. 
Numbers of bacteria and molds were 
determined by plate counts as described 
in the previous paper (Bollen e¢ al. 1954). 
Ammonia was determined by distillation 
from phosphate buffer solution at pH 7.4, 


Table 3.—Ammonification and nitrification of peptone in the presence of BHC isomers in cove clay 


adobe soil.! 








NITROGEN (p.p.m.) 


ADDED PEPTONE 





Found After Incubation 


Increase Due to Treatment 


Nitrogen Nitrogen 
Ammonified  Nitrified® 





TREATMENT? NH,* NO; NO; 


i NH,* 


NO. NO; 


Per Cent Per Cent 





Soil only 
BHC-alpha 
BHC-beta 
BHC-delta 
BHC-gamma 
Peptone 
Peptone+BHC-a 
Peptone+BHC-b 
Peptone+ BHC-d 
Peptone+BHC-g 


63 
49 
58 
88 
35 
37 
82 
105 
88 
70 


0.: 


2( 
2. 
0.2 


0 
7. 
4.8 
5 
6 


369 
359 
349 
459 
429 





1 Incubated 16 days at 28° C. 
2 BHC isomers added at 1000 p.p.m.; 
3 As nitrite and nitrate. 


peptone added at 1000 p.p.m. N. 
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Table 4.—Nitrification of ammonium sulfate in 
the presence of BHC isomers in cove clay adobe 
soil. 


_—_ 








NITRATE NITROGEN 

Founp Arter In- 

CUBATION (p.p.m.) ADDED 
NH,* 

NO;- Increase NITRIFIED 





TREATMENT? 





Per cent 
Control 95 
BHC-alpha 103 
BHC-beta 103 
BHC-delta 123 
BHC-gamma 113 
(NH4)25O4 120 
(NH,)2SO,+ BHC- 
alpha 
(NH,).SO,+ BHC- 


beta 
(NH,).SO,+ BHC- 

delta 4 
(NH,)2SO,+ BHC- 

gamma 27 





1 Incubated 20 days at 28° C, 
? BHC isomers added at 1000 p.p.m.; (NH4):SO, at 300 p.m.N, 


bation show (Table 2) that all the isomers 
of BHC at 1000 p.p.m. definitely increased 
the numbers of bacteria, the gamma form 
having the greatest and most consistent 
influence. Dextrose, with and without 
ammonium nitrate, considerably increased 
microbial development, and with this 
stimulus the molds showed consistent 
response to the BHC additions. The alpha 
and beta forms were depressive, while the 
delta and gamma isomers gave increased 
numbers. No definite effects on the per- 
centage of mucors or Penicillia are appar- 
ent. Streptomyces were reduced by gamma- 
BHC, although this compound gave out- 
standing increases in the total number of 
bacteria. 

The effect of BHC isomers on ammoni- 
fication of peptone is shown in table 3. 
Alpha- and beta-BHC had no influence, 
but with the delta and gamma forms am- 
monia production considerably increased. 
Nitrate formation from peptone, probably 


n of limited by the abundance of soluble or- 
“als, using 10-gram samples of soil, water-free ganic substance added, was so small in all 
olu- basis (Shrikhande 1941). cases that the differences are not of signif- 
cing One to five soil-water extracts were ana- icance. It may be noted, however, that 
utly lyzed by the sulfanilic acid-alpha nap- more nitrate was found with the beta iso- 
vere thylamine (A.O.A.C. 1945) and phenoldi- mer, which is true also for nitrification of 
tion sulfonic acid (Harper 1924) methods for ammonium sulfate (table 4). Nitrification 
ndi- nitrites and nitrates. Respiration and dex- of this compound was increased exten- 
3 Fe- trose decomposition were studied by peri- sively in the presence of the gamma iso- 

odic determination of CO, evolved at 28° mer also. In no case did BHC in any form 
vere C., using the apparatus and general pro-_ inhibit nitrification. Nitrification of the 
bed cedure described by Bollen (1941). The _ soils own nitrogen, in the absence of added 
54). CO, absorbed in N/l NaOH was deter- peptone or ammonium sulfate, was great- 
ton mined by double titration with a Beck- est in the presence of delta-BHC. The 


7.4, 


clay 


man automatic titrator. 
Resu.tts.—Plate counts made on la- 
boratory treated soils after 3 weeks incu- 


Table 5.—Ammonification of peptone in cove clay adobe soil field-treated with DDT and BHC.'* 


nitrification was not extensive, however, 
and the apparent differences with other 
isomers involving relatively small con- 











7 Days 


NITROGEN Fownp (p.p.m.) 
——__—_—_—_—__—_—-— CATION, 





PLoT 


NITRIFI- 
CATION, 
14 Days 


AMMONIFI- 
14 Days 7 Days 


Per Cent Per Cent 


NH* NO NO>- 


NH,* NO. NO;- 


TREATMENT? 





Check 
Control 9 0.1 20 9 A 19 
Peptone 479 0.5 323 i 37 47 
DDT 
Control 10 1.0 9 F 9 
Peptone 410 4.3 311 ij 30 40 
3HC 


Control 13 ‘1.0 o yj ‘ 12 
Peptone 424 3.0 ; 31 





' BHC at 275 Ibs./A; DDT at 137.5 lbs./A, actual. 
2 Incubated at 28° C. 
* Peptone added at 1000 p.p.m. N. 
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Table 6.—Nitrification of ammonium sulfate in cove clay adobe soil field-treated with DDT and 























NITROGEN Founp (p.p.m.) NITRIFICATION 
10 Days 20 Days 10 Days 20 Days 
Piotr — — a 

TREATMENT NO.- NO;- NO.- NO;- Per Cent Per Cent 
Check 

Control 2 21 0.1 33 

NN,/SO2 8 29 0.1 80 5 16 
DDT 

Control 1 11 0.1 55 

NH,4/2SO, 21 .t 90 4 12 
BHC 

Control 8 5 0.1 44 

NH,/.SO, 16 13 0.1 54 5 $ 











1 BHC at 275 Ibs./A; DDT at 137.5 lbs./A, actual. 


2 Ammonium sulfate at 300 p.p.m. N. 


centrations of nitrate have little indica- 
tive value. 

In samples from field plots treated with 
BHC at 275 pounds per acre and DDT at 
137.5 pounds actual per acre, ammonifi- 
cation of peptone (table 5) was slightly 
retarded; there was little transformation 
to nitrate and essentially no differences 
in comparison with the check plot soil. 
Nitrification of ammonium sulfate (table 
6) was appreciable in the check plot sam- 
ple; little less nitrate was formed in the 
DDT treated soil, but nitrification was 
strongly inhibited in soil from the BHC 
plot. These results for BHC are at vari- 
ance with the effects immediately follow- 
ing treatment in the laboratory with a 
much higher concentration of the gamma 
isomer, which gave increased ammonifi- 
vation and nitrification. 

The respiration experiment (tables 7 


DDT and BHC-.! 










and 8) shows that the microbial capacity 
to decompose organic matter was not ap- 
preciably influenced by field treatment of 
the soil with BHC or DDT. Decomposi- 
tion of the native organic matter was slow 
in each case, although it would seem that 
more CO, would have been produced from 
the treated plot samples since these con- 
tained more organic matter and showed a 
wider C/N ratio. The rate and extent of 
decomposition of added dextrose was es- 
sentially the same for the treated and 
check plots. 

Results of plate counts made on 
these soils at the close of respiration are 
in fair agreement with corresponding data 
for the original samples (table 1). Total 
numbers of molds, particularly with added 
dextrose, were higher in presence of the 
insecticides while the reverse is true for 
numbers of bacteria. The percentage of 


Table 7.—Respiration and decomposition of dextrose in cove clay adobe soil field-treated with 








CO, EvoLuTIon 


APPARENT 
DeEcompo- 





Mg. C per 100 Gm. Soil, Cumulative on Days Indicated 


SITION OF 
DEXTROSE 





~ 


14 


Per Cent 


Less 


36 46 Control 








Control 1 3 6 10 

Dextrose 89 106 127 149 
DDT 

Control 2 2 6 9 

Dextrose 84 104 117 136 
BHC 

Control 4 8 10 15 

Dextrose 79 94 111 133 





19 28 35 

167 185 200 165 83 
13 21 28 

156 177 198 170 85 
20 27 34 

156 77 








1 BHC at 275 lbs. per A; DDT at 137.5 lbs. per A, actual. 
2 Dextrose at 2000 p.p.m. carbon. 
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Table 8.—Microdrganisms found at close of 46-day respiration experiment on cove clay adobe soil 


field-treated with DDT and BHC. 








Mo.ps 


BACTERIA 





Total? Mucors 


Penicillia 


Tricho- 


derma 


Strepto- 
Total? myces 


Asper- 
gilli 





PLoT 
TREATMENT! 


Thousands Per Cent Per Cent Per Cent Per Cent 


Millions Per Cent 





Che ck 
Control 
Dextrose 
DDT 
Control 
Dextrose 
BHC 
Control 6. 
Dextrose 6. 


85 2 50 
78 70 


88 39 
90 +t 


85 26 
83 50 





1 As indicated in table 7. 
2 Numbers per gram of soil, water-free basis. 


Streptomyces, although considerably lower 
than in the field samples, again was prac- 
tically unaltered by the insecticides. Sim- 
ilarly the differential mold counts were 
relatively uniform. The small changes 
noted in pH values are not significant. 
Discussion.—The observed increases 
in bacterial numbers following addition 
of BHC isomers to soil in the laboratory 
are in contrast with the decrease observed 
in the field-treated soil. In the previous 
paper results showing increases as well as 
decreases were obtained with several soil 
types following field application of BHC 
at rates of 0.25 to 20 pounds gamma iso- 
mer per acre. The effect observed in any 
case is likely to depend upon: (1) the time 
elapsed between application and testing, 
since growth and multiplication exhibit 
sequential phases of increase and decline; 
(2) the soil type, determined largely by 
physical and chemical characteristics, in- 


cluding organic matter and pH; and (3) - 


variations in environmental factors, espe- 
cially moisture, temperature and aeration. 
Results of laboratory experiments under 
controlled conditions would seem to be 
reliably indicative. 


Increé ises or decreases in microbial num--* 


bers in the presence of BHC and other 
chlorinated hydrocarbon insecticides are 
difficult to explain in view of the extreme- 
ly low water-solubility of such compounds. 
This solubility is of the order of a few 
tenths part per million, and while it may 
be sufficient for certain inhibitive or toxic 
effects it appears totally inadequate to 
account for increases by serving as a food 
supply. Stimulative effects, not only upon 


growth, but also upon physiological ac- 
tivity such as ammonification and _ nitri- 
fication, are probably due to intervention 
of traces of the insecticide in certain en- 
zyme or other catalytic systems involved 
in nutrition of the cell. Some support for 
this is to be found in the apparent speci- 
ficity of the different isomers of BHC in 
their effect or lack of effect on ammonia 
and nitrate production. 

While lack of response to BHC and simi- 
lar compounds could be ascribed to their 
limited solubility such general functions 
as soil respiration involve so great a vari- 
ety of microérgansims that inhibition or 
stimulation of a number of species could 
occur without affecting the overall activity 
of the microbial population as a whole. 
This applies similarly to plate counts, 
where numbers rather than specific organ- 
isms are determined. Pure culture studies 
could reveal inhibitions or stimulations of 
certain species, although such effects 
might not be evident when studying ac- 
tivities of mixed cultures as they occur in 
the soil. 

The importance of soil type should be 
emphasized because quantitative and 
qualitative differences in soil organic mat- 
ter and colloids influence absorption and 
exchange phenomena which may cause 
inactivation or chemical transformation 
of insecticidal compounds. Since the re- 
sults reported in this paper were obtained 
with a single soil type, they are not neces- 
sarily indicative of the effects of the insec- 
ticides on soils in general. 

The significance in soil fertility of the 
observed inhibiting and stimulating effects 
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of the insecticides is probably not great. 
More extensive alterations in the micro- 
bial population and their activities occur 
with variations in environmental condi- 
tions resulting from cultural practices and 
seasonal changes. Since extreme effects 
were not shown even by massive doses of 
the insecticide, it may be concluded that 
BHC at rates in practice for insect control 
will not sufficiently influence the soil micro- 
flora to cause appreciable changes in soil 
fertility. 

SumMMARY.—Different isomers of BHC 
added to a clay adobe soil at 1000 p.p.m. 
in the laboratory produced different ef- 
fects on numbers of bacteria and molds 
developed on incubation; the isomers also 
had different influence on ammonification 
and on nitrification. 

The gamma isomer of BHC consider- 
ably increased the bacterial population, 
although Streptomyces were decreased. 
The other isomers gave smaller increases. 

When mold development was favored 
by adding dextrose to the soil, delta and 
gamma isomers of BHC increased the 
numbers, while the alpha and beta forms 
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caused a depression. In the absence of 
dextrose, where the molds were lesser in 
numbers, all isomers except the alpha 
were inhibiting. 

Delta and gamma isomers of BHC in- 
creased ammonification of peptone; the 
other isomers had no effect. 

Nitrification of ammonium sulfate was 
increased with the beta and gamma iso- 
mers of BHC. In field treated soil, how- 
ever, subsequent formation of nitrates in 
the laboratory was decreased where BHC 
had been added at the rate of 275 pounds 
per acre. 

CO, evolution and dextrose decomposi- 
tion in the soil that had been field-treated 
with BHC and DDT was the same as for 
the untreated soil. 

The gamma isomer of BHC appeared 
quantitatively and qualitatively more ef- 
fective than the other isomers in produc- 
ing response by soil microérganisms. 

The stimulations and inhibitions ob- 
served are considered to be insufficiently 
intensive to materially influence fertility 
of the soil. 
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Insecticide Tests to Control the Alfalfa Weevil and 
the Meadow. Spittlebug in Maryland! 


B. A. App, U.S.D.A., Agr. Res. Serv., Entomology Research Branch? 


The alfalfa weevil, Hypera pestica 
(Gyll.), an important pest of alfalfa in 
the west for many years, was first found 
in the East in 1951. Poos and Bissell 
(1953) reported extensive damage in 
several areas in Maryland during 1952. 
In 1953 the larvae caused severe injury in 
Maryland on the Eastern Shore and in 
the area north of Baltimore. In many 
fields the first crop of alfalfa was a com- 
plete loss. 

The damage by this insect combined 
with that caused by nymphs of the 
meadow spittlebug, Philaenus leucophthal- 
mus (L.), is now a serious problem for the 
eastern alfalfa growers. Experiments were 
conducted during 1953 to determine 
whether a single application of an insecti- 
cide would be effective against both 
insects. In the course of this work certain 
information on the seasonal history of the 
alfalfa weevil was recorded. 

SEASONAL History oF THE ALFALFA 
Weevit.—In 1953 the first adult was 
collected on March 24 by T. L. Bissell of 
the Department of Entomology, Uni- 
versity of Maryland. Sweeps taken peri- 
odically throughout the season showed 
that adults were most numerous late in 
April, when they averaged 16 per 100 
sweeps of a 15-inch net. Adults continued 
to be abundant until early July. The num- 
bers collected from mid-July to early 
October fluctuated from 0.3 to 1.4 per 
100 sweeps. In late October and early 
November the population increased, aver- 
aging 7.6 adults per 100 sweeps. Adults 
have continued to be active on mild days 
and were swept from one field on Decem- 
ber 8. 

Eggs were first observed in the field on 
April 8 and could be found rather easily 
as late as June 3. No eggs were found dur- 
ing the summer months. However, adults 
collected in the field on August 7 de- 
posited eggs in the outdoor insectary on 
August 14. These eggs hatched on August 
19. Eggs were collected in the field on 
November 2 following the increase in the 
adult population during late October. A 
few masses collected on this date and kept 


in the insectary hatched on November 18- 
19. Additional masses were collected as 
late as December 8. 

Larvae were first found on April 14. 
They were most abundant during the first 
half of May, when collections from several 
fields averaged more than 2400 per 100 
sweeps. Populations were light through- 
out the remainder of the season, although 
there were minor fluctuations. Larvae of 
all sizes were collected as late as Decem- 
ber 8, indicating that at least a part of the 
population has more than one generation 
per year. Cocoons were found on May 4 
and the first pupa on May 6. On May 22 
two men picked about 1700 cocoons from 
alfalfa plants in a heavily infested field in 
40 minutes. The finding of empty cocoons 
on May 12 indicated that emergence had 
begun. 

ContTROL EXPERIMENTS.—Five experi- 
ments with insecticides for control of the 
alfalfa weevil and the meadow spittlebug 
were conducted during 1953. All the insec- 
ticides were applied as emulsion sprays, 
with power equipment calibrated to apply 
approximately 10 gallons per acre. The 
effect of the treatments was determined 
by collecting samples with a 15-inch net. 
None of the treatments significantly 
affected the number of adult weevils taken 
in the samples; so only the data on alfalfa 
weevil larvae and meadow spittlebug 
nymphs will be presented. 

Experiment 1.—At Gambrills, plots 44 
by 200 feet, arranged in a randomized 
block, replicated 4 times, were sprayed on 
March 31 when the plants averaged 6 
inches tall. Samples of 20 sweeps per plot 
were taken on April 20 and 40 sweeps per 
plot on May 11. In the samples taken on 


‘April 20 the weevil populations were so 


light that no conclusions could be drawn, 
although no larvae were found in the plots 
treated with heptachlor, dieldrin, or 
methoxychlor. The data for the samples 
taken on May 11 are given in table 1. 


1 Presented before the meeting of the Eastern Branch of the 
Entomological Society of America, Philadelphia, Pa., November 
16-17, 1953. 

2 In cooperation with the Department of Entomology of the 
University of Maryland. 
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Table 1.—Effect of different insecticides on populations of alfalfa weevil larvae and spittlebug 


nymphs. Experiment 1, Gambrills, Maryland. 











POPULATION PER 
160 Sweeps May 11 





Repuction BeLow 
UNTREATED CHECK 


Weevil 





RATE PER Weevil Spittlebug Spittlebug 

MATERIAL ACRE Larvae Nymphs | Larvae Nymphs 

Pounds Number Number | PerCent | Per Cent 

Untreated — 847 509 | ~- — 

Dieldrin | 0.25 $11 1 | 63.3 | 99.8 
Heptachlor 0.23 436 6 48.5 | 98.8 
Methoxychlor 1.56 448 | 0 47.1 100.0 
Endrin 0.24 | 527 | Q | 37.8 | 99.6 
Toxaphene | 1.64 | 602 | 0 28.9 100.0 





Dieldrin was the most effective material 
against weevil larvae, followed in order by 
heptachlor, methoxychlor, endrin, and 
toxaphene. All the treatments were very 
effective against the meadow spittlebug, 
reducing the population more than 98 per 
cent. 

Experiment 2.—In Harford County, 
plots of alfalfa 43 by 100 feet in a random- 
ized block, replicated 4 times, were 
sprayed on April 2. On this date the plants 
ranged from 4-8 inches in height. The 
population was sampled on April 29 by 
taking 40 sweeps per plot and on May 15, 
by taking 10 sweeps per plot. The data for 
this experiment are recorded in table 2. 

When sampled on April 29 heptachlor 
was the most effective material for control 
of alfalfa weevil larvae. Endrin and diel- 
drin also reduced the population more 
than 90 per cent. Methoxychlor and toxa- 
phene were less effective. There was a 
very heavy increase in both treated and 
untreated plots between April 29 and May 
15. On the latter date the plots treated 
with heptachlor had less than half as many 


larvae as the untreated plots. The plots 
treated with dieldrin and endrin showed 
smaller reductions. Those treated with 
methoxychlor or toxaphene contained a 
heavier population than the untreated 
plots. 

The data on spittlebug control obtained 
on May 15 showed more than 96 per cent 
reduction with all the insecticides except 
toxaphene, and that insecticide caused a 
reduction of 86 per cent. 

Experiment 3.—Similar results were ob- 
tained from another series of plots in 
Harford County treated on April 15. The 
treatments were applied to plots 43 by 200 
feet, arranged in a randomized block and 
replicated 4 times. The plants ranged from 
6-13 inches tall and averaged approxi- 
mately 8 inches. On April 27 and May 18 
the population was sampled by taking 40 
sweeps per plot. The data obtained are 
given in table 3. 

On April 27 the plots treated with 
heptachlor again showed almost complete 
reduction of weevil larvae. The dieldrin 
treatment was next in effectiveness, fol- 


Table 2.—Effect of different insecticides on the population of alfalfa weevil larvae and spittlebug 


nymphs. Experiment 2, Harford County, Maryland. 








POPULATION PER 


| 160 Sweeps 
April 29 





40 Sweeps May 15 


DECREASE OR INCREASE OVER 
UNTREATED CHECK 
April 29 May 15 








Rate PpeR| Weevil Weevil | Spittlebug | Weevil | Weevil | Spittlebug 
MATERIAL Acre | Larvae Larvae Nymphs | Larvae | Larvae Nymphs 
Pounds | Number Number Number | Per Cent | Per Cent | Per Cent 

Untreated — 172 2879 129 a — a 
Heptachlor 0.28 2 1367 5 98.8 §2.5 96.1 
Endrin 0.29 8 2127 3 95.3 } 26.1 97.7 
Dieldrin 0.34 | 12 1782 | 2 |} 93.0 | $89.8 | 98.4 
Methoxycblor LeBieo =| 27 | $048 | Q 84.3 | +59 | 98.4 
Toxaphene | 1.92 s9 | 2987 18 48.2 | +8.8 | 986.0 
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Table 3.—Effect of different insecticides on the population of alfalfa weevil larvae and spittlebug 


Maryland 





—_- 





nymphs. Experiment 3, Harford County, 


=—— 

















| Poovssrecey sue 260 Sedans DECREASE OR INCREASE OVER 
| | UNTREATED CHECK 
| April 27 May 13 April 27 | May 13 
— a Sits ee eerie t = 
| Rate per | Weevil Weevil | Spittlebug | Weevil | Weevil | Spittlebug 
MarertraL | Acre | Larvae Larvae Nymphs Larvae | Larvae | Nymphs 
Pounds Number | Number Number Per Cent | Per Cent | Per Cent 
Untreated 1009 5680! 820 — — — 
Heptachlor 0.22 2 3095 1 98.8 45.5 | 99.0 
Dieldrin | OF 131 7115 20 87.0 +25.3 97.6 
Endrin | 0.27 173 7290 0 82.8 | +428.3 | 100.0 
Methoxychlor | 0.99 | 177 7432 21 | $2.4 | +30.8 | 97.4 
Toxaphene |} 1.41 298 6728 0 | 70.5 | +18.4 | 100.0 
I | | 











1 The untreated plots were nearly 100 per cent defoliated on this date. 


lowed in order by endrin, methoxychlor, 
and toxaphene. By May 13 the larval pop- 
ulation had increased many fold; the un- 
treated plots were entirely defoliated but 
had fewer larvae than most of the treated 
plots. Heptachlor was the only treatment 
still showing any reduction. 

Against the spittlebug population all 
the materials were very effective and the 
population was reduced more than 97 per 
cent. 

Experiment 4.—At Gambrills acre- 
dosages of methoxychlor at 0.95 pound, 
toxaphene at 1.33 pounds, heptachlor at 
0.26 pound, and endrin at 0.20 pound 
were applied on April 17 to unreplicated 
plots each 0.75 acre in size. The treat- 
ments were evaluated on April 20 by 
taking 20 sweeps and on May 14 by taking 
40 sweeps per plot. No effects of the treat- 
ments were observed on April 20, as only 
2 adult weevils were taken. On May 14 
heptachlor, methoxychlor, toxaphene, and 
endrin had reduced the population of 
weevil larvae 70.0, 63.4, 46.0, and 44.6 per 
cent, respectively. All the treatments 
were very effective against the meadow 
spittlebug, reducing the population of 
nymphs more than 98 per cent. 

Experiment 5.—Late in May, when the 
first hay crop was cut from one field in 
Harford County, many larvae and adults 
of the alfalfa weevil still remained on the 
stubble. To determine whether the second 
crop would benefit by treatment of the 
stubble, unreplicated plots of 1 to 4 acres 
Were sprayed on May 27 with heptachlor 
at 0.51 pound, endrin at 0.23 pound, 
dieldrin at 0.25 pound, and Q-137 
(Perthane) at 1.64 pounds per acre. 


Counts were made on June 2 and again 
on June 9 of the adults and larvae in 20 
samples, each 1 square foot in area, from 
each plot. 

On June 2 numerous adults were se- 
verely damaging the new shoots in the 
untreated plot, but only a few larvae or 
adults were found in the treated plots. On 
June 9 only a very light population of 
larvae was found in the treated or un- 
treated plots; adults were more numerous 
in the treated plots, possibly because the 
foliage was more luxuriant. 

On June 9 there was practically no re- 
growth in the untreated plots, whereas 
plants in the treated plots averaged 6 to 
8 inches tall. On June 17 a total of 30 
plants selected at random in each plot 
were measured. Plants in the untreated 
plot averaged 7.1 inches in height as com- 
pared with 11.5, 10.9, 9.8, and 8.7 inches 
for plants in the plots treated with 
heptachlor, dieldrin, endrin, and Q-137, 
respectively. 

Discussion.—These experiments show 
that the application of insecticides, espe- 
cially heptachlor and dieldrin, in late 
March or early April gives promising 
control of alfalfa weevil larvae on first- 
crop alfalfa in Maryland. The materials 
were not entirely effective against larvae 
from eggs that hatch 2 to 3 weeks after 
spraying, but thereafter some of the more 
promising treatments still gave consider- 
able protection. Harvesting the first crop 
was delayed more than 2 weeks beyond 
the normal time in one of the experi- 
mental fields in which some larval dam- 
age from the increased population oc- 
curred even in plots treated with hepta- 
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chlor or dieldrin. Therefore, for best re- 
sults the hay crop should be cut promptly. 
The amount of insecticide residues, if 
any, present on the forage at harvest may 
indicate the need for additional data on 
the timing of applications in relation to 
the cutting of the first crop. This report 
is considered preliminary and any recom- 
mendations must await the results of 
residue determinations from the forage 
samples taken at cutting time. 

All the insecticides applied at the 
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dosages used in these experiments effec. 
tively controlled the meadow spittlebug, 
indicating that a single application may 
be used to control both this pest and the 
alfalfa weevil. 

The spraying of alfalfa stubble for 
control of alfalfa weevil larvae and adults 
after removal of the first hay crop 
hastened the regrowth of the next crop. 
The benefits to be gained from stubble 
treatment need to be further investigated, 


LITERATURE CITED 
Poos, F. W., and T. L. Bissell. 1953. The alfalfa weevil in Maryland. Jour. Econ. Ent. 46: 178-9, 





Additional Studies on the Effect of Field Applications 
of Insecticides on Honey Bees 


F. V. LiesperMan, G. E. Bonart, G. F. KNowtton, and W. P. Nye! 


Choice of an insecticide treatment to be 
used on a legume seed crop in bloom 
should be determined by its hazard to 
bees as well as its economic effectiveness 
in controlling harmful insects. This is 
true not only because bees provide the 
cross-pollination essential to high yield of 
quality seed but also because most bee- 
keepers still depend on a honey crop for 
their living. 

In 1947 the staff of the U. S. Legume 
Seed Research Laboratory at Logan, 
Utah, initiated a study to ascertain which 
of the principal new organic insecticides 
could be applied to seed alfalfa in bloom 
without creating a serious threat to honey 
bees. This work has been continued each 
season with the exception of 1951. Most 
of the studies made prior to 1950 have 
been published (Todd e¢ al. 1949, Knowl- 
ton et al. 1950). This paper is a report of 
16 field tests conducted in 1950, 1952, and 
1953. 


Procedure.—To obtain results similar ’ 


to those found in commercial practice, we 
have continued to conduct tests in the 
field rather than in laboratory or field 
cages. The procedures were basically the 
same as those previously described, but 
improvements made warrant a brief re- 
description. 


Approximately 5 acres of 22-year-old 
alfalfa were provided each year by the 
Utah Agricultural Experiment Station in 
an area of little competing bloom that 
could be maintained reasonably free of 
extraneous honey bees and _ insecticide 
applications. About 1 week before the 
first test from 14 to 18 strong hives of 
bees were placed in a small plot adjacent 
to the alfalfa field. The plot was cleared 
of vegetation, smoothed, and marked off 
into an examination area within which 
would be found most of the adult bees 
dying at the hives. 

Counts of bees working the field were 
made by recording the number instantane- 
ously present within square-yard counting 
stations. These stations were marked off 
with a white string supported on corner 
lath stakes and were distributed system- 
atically through the field, 68 being used 
in 1950 and 100 in the following years. 
Counts of dead bees in the field were made 
on 48 to 50 two-square-yard areas located 
systematically away from these stations. 
Since the alfalfa on these areas was 
sickled off to facilitate visual examination 


1 The first two and last authors are connected with the En- 
tomol Research Branch, Agricultural Research Service, 
U. S. Department of Agriculture, and Dr. Knowlton with the 


Utah Agricultural Experiment Station. 
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of the field litter and soil surface, new 
areas were selected each day that dead 
bees were counted. , 

Dead bees were picked up around the 
hives between 6 and 7 a.m. Field visitors 
were counted between 10 and 11 a.m. and 
1:30 and 2:30 p.m. The counts of dead 
bees in the field were made between 7 and 
11 a.m., the fresh dead bees found being 
those that died while visiting flowers the 
previous day. 

All the insecticides were applied during 
hours when few bees were visiting the 
field. Morning applications were made 
between 6 and 7 A.M., m.s.t. Evening appli- 
cations were made after 7 p.m. A duster 
or sprayer mounted on a small farm 
tractor and connected with the power 
take-off was used. The duster was 
equipped with 12 V-type nozzles 17 inches 
apart and connected by separate lines of 
flexible 2-inch tubing to a common fan 
chamber. The sprayer had a 30-foot boom 
fitted with 18 nozzles discharging a flat, 
fan-shaped spray. In 1953 sprays were 
applied at the rate of 12 gallons per acre, 
in previous seasons at 8 gallons per acre. 
Tractor speed during all applications was 
approximately 5 m.p.h. Pressure in the 
spray boom was maintained at 60 pounds 
per square inch. 

The number of bees exposed to each 
treatment was estimated from counts at 
all stations on the day of application at 
the two periods of expected peak visita- 
tion. The higher of these totals multiplied 
by the proper factor for field size was then 
designated as the exposed population. 
The number of insecticide-killed bees 
dying at the hives was estimated by cor- 
recting the total number of bees picked 
up during the period of a test by a daily 
normal based on the dead bees found in 
the examination area for at least 2 days 
prior to treatment. The number of insec- 
ticide-killed bees dying in the field was 
estimated by multiplying the number of 
freshly killed poisoned bees found in all 
examination areas by the proper factor for 
field size. Bees were determined to be 
freshly dead and/or poisoned by noting 
deterioration of the digestive tract and the 
accumula ion of fluids in the hind gut and 
comparing these changes with those occur- 
ring in check bees. Check bees were re- 
moved from a hive at the time of field 
treatment and placed in lots of five in 
small screen cages. One lot was killed by 


pinching, and several other lots were 
killed by placing the cages in the path of 
the application equipment and allowing 
them to be sprayed or dusted. All check 
bees were then placed in a representative 
spot in the field. One lot of sprayed bees 
was examined each day at the time dead 
bees found in the field were classified. 
Pinched bees were examined at this time 
only on the first day. 

The total mortality resulting from an 
application is expressed as a percentage of 
the maximum number of bees visiting the 
field at any one time on the first day of 
exposure. This estimate is conservative in 
that it does not take into account bees 
leaving the field but not reaching the 
colonies or those returning to other 
colonies within flight range of the test 
field. On the other hand, the method of 
expressing field visitation probably exag- 
gerates the true mortality, since it repre- 
sents only the largest number on the 
field at one time and not the total of all 
bees visiting the field on the day of treat- 
ment. 

Resutts.—Briefly summarized, tests 
conducted in the period 1947-49 (Todd 
et al. 1949) showed that (1) mortality of 
honey bees caused by field applications of 
the principal organic insecticides was con- 
fined to the field force and in most cases 
was essentially complete within 48 hours; 
(2) toxicity of toxaphene in seven tests 
at dosages providing effective control of 
several detrimental insects was always 
distinctly less than 10 per cent; and (3) 
except for methoxychlor, the insecticides 
tested were sufficiently toxic (more than 
10 per cent) in at least one trial that fur- 
ther studies were considered necessary to 
learn whether there was a dosage safe 
for bees. 

The objectives of the 1950 tests were to 
procure additional data on the effect of 
DDT and chlordane and again to compare 
spray and dust applications. Dosages 
selected for testing were those best suited 
for use in the control of alfalfa seed 
insects under Utah conditions, and appli- 
cations of toxaphene were included. The 
results of these tests are presented in 
table 1. 

The mortalities in these tests agree 
with those obtained in previous years. 
Toxaphene as a spray or dust killed few 
bees, DDT spray was markedly less toxic 
than DDT dust even at the low dosage of 
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Table 1.—Mortality of honey bees caused by 
toxaphene, DDT, and chlordane applied before 
7 a.m. to 5.2 acres of alfalfa in bloom, Logan, 
Utah, July-August 1950. 








| 
MaximMuM 
POPULATION 
VISITING 
FLOWERS 
| Dosace | on Day or 
INSECTICIDE, PER ACRE | TREATMENT| 


Pounds 


EstTIMATED 
KILL oF 
FIeLp 
Force 





Number Per Cent 


Toxaphene | 
Spray iy 
Dust Lk 
DDT 
Spray 0. 
Dust 0. 
Chlordane 
Spray a. 


61296 0 
33693 1 





25574 
16643 





37752 
38970 


Dust : He 33287 





0.5 pound per acre, and results with 
chlordane were again variable. The three 
tests with chlordane in this series bring to 
eight the number of satisfactory tests 
made at a dosage of 1 to 1.25 pounds per 
acre. Of these tests, only one with dust and 
one with spray gave a kill exceeding 10 
per cent. Variability has been a charac- 
teristic of results with chlordane, and this 
insecticide has tended to be the exception 
to the rule that dusts are more toxic than 
sprays. 

In 1952 we turned our attention to 
more recently developed insecticides that 
growers were likely to use. Aldrin, hepta- 
chlor, malathion, and TEPP were tested 
at the most generally useful dosages 
(Table 2). When applied in the early 
morning, all these insecticides gave 10- 
per cent mortality or higher. The high 
kill obtained with 6 ounces of TEPP was 
rather surprising, although we had as- 
sumed earlier that this insecticide would 
have to be applied in the evening if dam- 

Table 2.—Mortality of honey bees caused by 


various insecticide sprays applied to 4.3 acres of 
alfalfa in bloom, Logan, Utah, August 1952. 








MaximuM 
PopuLATION 
VISITING 
DosaGE FLOWERS, 
PER | DAY OF 
Acre | TREATMENT 


ESTIMATED 
KILL OF 
FIELD 
INSECTICIDE Force 


| Ounces | Number Per Cent 
Morning applications: 
Aldrin 
Heptachlor 
Malathion 
TEPP 


Evening application: 
TEPP 


17746 10 
49235 26 
22734 46 
14900 63 


31468 6 
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age to bees were to be minimized. An 
evening application was included to verify 
the assumption that it would be relatively 
harmless by the beginning of the flight 
period the next day. Even then the kill 
was 6 per cent of the maximum visiting 
population. At least part of this kill was 
the result of directly spraying late-forag- 
ing bees and does not necessarily indicate 
that the TEPP was still capable of killing 
bees 12 or more hours after application, 

Although the mortality from any ap- 
plication of insecticide occurred largely 
within the first 24 hours and usually was 
nearly complete within 48 hours, the 
lethal effect of a few insecticides con- 
tinued for a longer time. This was the case 
with dieldrin applied at 0.56 pound per 
acre in 1949; bees died for a week or more. 
In 1952 malathion gave a prolonged kill. 
Poisoned freshly killed bees were still re- 
covered in small numbers after 4 days, 
when counts were discontinued. The 46- 
per cent mortality reported for malathion 
is therefore approximate but incomplete. 

Table 3.—Mortality of honey bees caused by 
various insecticide sprays applied before 7 a.m. 


to 4.8 acres of alfalfa in bloom, Logan, Utah, 
August 1953. 








Maximum 


| | POPULATION 
| 
| 


| Estt- 
MATED 

KILL oF 
FreLD 
Force 


VISITING 
FLOWERS 

| on Day or 

| TREATMENT | 


DosaGE | 


PER 


INSECTICIDE | ACRE 





Ounces 
Systox 
Endrin 
Aldrin 
Dieldrin 


Number 
22535 
39727 
72019 

128008 


Per Cent 
l 
13 
22 


36 





In 1953 we tested Systox and endrin at 
dosages promising for control use, retested 
aldrin at 2 ounces per acre, and tried a 
much lower dosage of dieldrin than was 
used in 1949. Results of these tests are 
given in table 3. Only Systox gave a 
favorable result, killing but 1 per cent of 
the bees. Endrin, killing 13 per cent, 
probably deserves further testing as a 
bloom-period treatment, perhaps at a 
slightly lower dosage or as an evening 
application. The high kills with aldrin and 
dieldrin at low dosages rule them out as 
possible bloom-period treatments. The 
estimate for 1 ounce of dieldrin is prob- 
ably minimum, since the field kill used was 
based on only the first 2 days of a 5-day 
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Table 4.—Mortality of honey bees occurring 
at the hives and in the treated acreage when 
various insecticides were applied to om in 
bloom, Logan, Utah, 1950-53. 


— 


=— 








Brees Dy1inG as 
RESULT OF KILL 
DosaGE TREATMENT OccuRRING 
PER ro _ IN THE 
InsectTicipDE! AcRE At hives | In field FreLtp 


} Pound | Number | Monder Per Cent 
1.5 0 


Toxaphene | 

TEPP (p.M.) . 1652 309 

Aldrin 1374 464 

Heptac hlor | 7861 4784 

TEPP | .- 3745 5709 

Dieldrin | : 10384 35313 
| 





Malathion 317 10081 
DDT 0 1649 











1 Except as noted, the applications were made before 7 A.M. 
DDT was applied as a dust; all other insecticides were used as 
sprays. 


period of kill. 

Early in these studies it appeared that 
the relative toxicity of insecticide treat- 
ments to honey bees could be reasonably 
well established by merely making daily 
counts of dead bees at the hives, provided 
the apiary was adjacent to the field so 
that most of the poisoned bees able to 
leave the field would reach the hives before 
becoming incapacitated. Furthermore 
many beekeepers and growers have the 
impression that a treatment has not 
harmed the apiary if dead bees have not 
accumulated in large numbers at the 
hives. Table 4 shows that there is little 
relation between the number of bees 
dying at the hives and the total kill. 
Therefore, field counts must be made to 
evaluate the toxicity to bees of a field 
application of an insecticide. 

Throughout our studies we have noticed 
that most of the insecticides caused many 


bees to leave the field after initial contact 
for at least a few hours. This has been 
attributed to repellency, although it is 
recognized that poisoning by a sublethal 
dosage might cause affected bees to return 
to the hive until they have recovered. 
In 1953, 1.5 acres of seed alfalfa adjacent 
to the test field provided a reasonably 
good place to establish check stations to 
aid in the study of repellency on the 
treated acreage. The counts made in 
treated and check areas are presented in 
table 5. The check stations were not es- 
tablished until after the endrin had been 
applied. 

A sharp decline in the visiting popula- 
tion occurred by afternoon on the days 
when endrin, aldrin, and dieldrin were 
applied. On the morning Systox was 
applied, the temperature did not fall be- 
low 70° F. and a small population was 
already in the field at 6. a.m. These visit- 
ing bees were hit by the Systox spray, 
and most of them left the field immedi- 
ately. The population remained low all 
day, indicating that many potential visi- 
tors stayed away from the field in the 
morning as well as the afternoon. In all 
‘ases mortality accounted for only a small 
fraction of the population decline. 

Repellency persisted until the afternoon 
of the day following spraying except when 
endrin was applied, when there was a tem- 
porary interruption in the morning of the 
second day. This insecticide was applied 
at the beginning of the flowering period 
when the amount of bloom was increasing 
rapidly and the flowers were most attrac- 
tive. It is assumed that the field was un- 


Table 5.—Repellency to honey bees of field applications of insecticides, Logan, Utah, 1953. 
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Date (AuGusT) 

—— | MInrMuM | 

INSECTI- Bees TEMPER- | 
CIDE Applied 


| Degrees F. | 
Endrin 4 53 
48 | 
. | 48 
Dieldrin Q 45 
46 
. 47 
Aldrin ‘ | 66 
55 
; | 88 
Systox q 46 
70 
60 


Treated jae 


Counted | ATURE A.M. 


Hons BEEs Visiting FLOWERS ON— 
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Untreated Area CAUSED 
BY Mor- 

P.M. A.M. P.M. TALITY 


Hundreds of Bees per « Acre 
77 


~ 

















































320 


usually inviting to the bees, and many 
visited the field only to be repelled again. 

Discussion.—To control insect pests of 
forage seed crops during the flowering 
period, one should first choose prebloom 
treatments that are most likely to avoid 
the necessity of later applications when 
the plants are in flower. If bloom-stage 
treatments cannot be avoided, wise selec- 
tion of the insecticide is in order. Insecti- 
cides that show little toxicity to honey 
bees regardless of dosage, such as toxa- 
phene, should be utilized wherever pos- 
sible. When a potentially damaging treat- 
ment is necessary, it should be applied 
under conditions favoring minimum kill 
and the dosage should be kept as low as 
possible. 

We have arbitrarily set a mortality of 
10 per cent as the limit for sanction of a 
bloom-stage application. Naturally there 
is ample room on both sides of this 
limit for the use of judgment in particular 
cases. An important factor is the amount 
of bloom within foraging range of affected 
colonies that is treated at one time. 
Treatments interpreted as a little too 
toxic under our test conditions may not be 
prohibitive when there is ample untreated 
acreage in the vicinity. 

In the initial report on these studies 
Todd et al. (1949) pointed out that the 
full seriousness to the beekeeper of treat- 
ing fields in bloom may lie not in the per- 
centage of bees killed but rather in the 
timing of the treatment in relation to the 
nectar flow. We are now even more con- 
vinced that this is true. A high kill of the 
field force sometimes does not appear to 
hurt a colony substantially, but the loss 
of the foraging population for a short 
period during a heavy nectar flow usually 
spells the difference between a good and 
a poor honey crop for the beekeeper. 

Finally, it should be emphasized that 
the tests reported here do not shed much 
light on the damage to native species of 
bees serving as pollinators. One test, Bo- 
hart & Lieberman (1949), with 0.6 pound 
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of DDT applied as a 3-per cent dust vave 
about 15-per cent mortality to a nesting 
aggregation of alkali bees, but the follow- 
ing year the population appeared to be 
normal. In another, unreported test under 
the same conditions an application of 2.3 
pounds of toxaphene dust gave a compara- 
ble mortality. The danger of applying 
‘across the board”’ the results of tests on 
one kind of bee was emphasized when a 
large cage that had been dusted with 
toxaphene and found safe to use with 
bumble bees was later used for a colony 
of Melipona with disastrous results. 

SumMary.—In 1950, 1952, and 1958 
tests were conducted to learn the effect of 
field applications of insecticides on honey 
bees. From 4.3 to 5.2 acres of seed alfalfa 
in bloom near Logan, Utah, were sprayed 
or dusted before 7 A.M. or after 7 p.m. The 
effect of each application on the field force 
of a small apiary placed at the edge of the 
field was measured by counting the dead 
bees at the hives and in the treated acre- 
age. 

In each test the dosage was one consid- 
ered useful for controlling harmful insects 
on alfalfa in bloom. On the basis of 10- 
per cent mortality being the limit for 
sanction, the following treatments are 
considered as too toxic to honeybees: 
early morning sprays of TEPP 6 ounces, 
malathion 10 ounces, dieldrin 1 ounce, 
heptachlor 4 ounces, aldrin 2 ounces, 
chlordane 1 pound, and endrin 4 ounces, 
and an early morning dust of DDT 0.5 
pound per acre. Treatments in addition 
to toxaphene classified as safe include 
morning sprays of DDT 0.5 pound and 
Systox 6 ounces, and an evening spray of 
TEPP 6 ounces per acre. 

There was no relation between the 
number of bees dying at the hives and the 
number dying in the field. Most of the 
insecticides tested caused many bees to 
stay away from the field for at least a few 
hours following initial contact. Results of 
tests with honey bees do not necessarily 
apply to native bees. 
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The Chromatography of Gyptol and Gyptyl Ester 


Frep AcreEk, Jr., Entomology Research Branch, Agr. Res. Serv., U.S.D.A. 


The isolation of pure gyptol, the sex 
attractant extracted from virgin female 
gypsy moths, Porthetria dispar (L.), and 
its characterization, beyond the fact that 
it is an alcohol, have presented a difficult 
problem owing mainly to the lack of an 
effective means for its quantitative esti- 
mation in the laboratory (Collins & Potts 
1932, Haller et al. 1944, Acree 1953a). 

This problem was partly solved when 
Acree (1953b) found that it was possible 
to adapt the procedure employing ab- 
sorbancy ratios (Beroza 1950) to the chro- 
matography of crude gyptyl azoate 
(p-phenyl-azobenzoyl ester) and, by this 
method for plotting the elution curve, 
showed that an active fraction of gyptyl 
azoate could be resolved into three active 
fractions of azoates and separated from 
an active fraction presumed to consist of 
free gyptol but now considered to have 
been the natural ester. During this work 
it became of interest to chromatograph 
the unsaponifiable fraction prepared from 
the benzene extractive of female moths in 
1947, as described by Haller et al. (1944). 
All the activity was contained in the per- 
colate, including the first yellow zone, 
that collected before the second yellow 
zone was eluted. This active fraction pro- 
vided a highly purified starting material 
for the preparation of the azoates men- 
tioned above. 

Recently considerable progress has been 
made on this problem by using the wave 
lengths 228, 247, and 255 muy, selected 
from the ultraviolet spectrum (curve 1, 
Fig. 1, Acree 1953b) of the free-gyptol 
fraction mentioned above, in the applica- 
tion of absorbancy ratios to the chroma- 
tography of the unsaponifiable fraction. 
The ultraviolet spectrum of the active 
zone separated from the first column by 
employing these wave lengths was similar 
to the preceding spectrum but had a 
maximum at 285 and a minimum at 249 
mu. Therefore, these wave lengths to- 
gether with 230 my were used in subse- 
quent experiments. 

As a prerequisite to the use of this proc- 
ess, the solvent was purified sufficiently 
to allow the Beckman DU spectropho- 
tometer to be balanced at 220my by pas- 


321 


sage through columns of silicic acid 
(Graff et al. 1944) and then distilled; the 
adsorbent was first washed and then 
equilibrated with the purified solvent.' 
The substance was introduced on the 
column as a concentrated solution, washed 
in, and then percolated with the solvent 
under a pressure of about 5 pounds of 
nitrogen per square inch. For the first one 
or two columns of the magnesium car- 
bonate series, it was found necessary to 
stir a thin layer of the top of the column to 
prevent channeling. Material for rechro- 
matographing was obtained from com- 
bined fractions of the eluate by removal 
of the solvent at reduced pressure. 
Although many chromatographic col- 
umns were run in an effort to work out the 
most effective experimental details, only 
the most important experiments are de- 
scribed hereafter. The unsaponifiable 
fraction (47.7 mg. = 300 tips) was chroma- 
tographed on 20 g. of magnesium carbon- 
ate? with Skellysolve B. The eluate was 
collected in 5-ml. fractions up to the exit 
of the second yellow zone, and the ab- 
sorbancy of each fraction was determined 
at 230, 249, and 285 mu. The plot of these 
absorbancies against the respective frac- 
tions of percolate is shown in figure 1, of 
which zone B (2.3 mg.) was found to 
contain the active material.’ It had been 
found in a preliminary experiment that 
the first yellow zone mentioned above was 
eluted between zones A and B, gave no 
interference at these wave lengths, and 
was eliminated on subsequent columns. 
The material from zone B was chroma- 
tographed on two more columns under 
these conditions, except that the fractions 
of eluate were reduced to 3 ml. Material 
B then amounted to 0.8 mg. Its elution 
curve from the third column is shown in 
figure 2, in which zone A was found to 
contain a trace of highly absorbing con- 
taminant. More of B (91 mg.=98,500 
tips) was obtained by chromatographing 


1 For this and other suggestions made during the conduct of 
this work, the author thanks Morton Beroza. 

2 Special, low in chlorine, powdered C.P. magnesium car- 
bonate, J. T. Baker Chem. Co., oo apn - N. J. 

3 Field and laboratory tests of the attractiveness to male 
gypsy moths of the fractions from experiments described herein 
were made with the assistance of Ralph F, Holbrook, D. W. 
Mitchell, and D. J. Cyr in 1950-1953. 
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Fig. 1.—Elution curve of unsaponifiable fraction 
from magnesium carbonate. Zone B, active. 


additional unsaponifiable fraction in 1-g. 
portions, together with that of partly 
purified active products recovered from 
previous experiments, through several 
175-g. columns. 

The lack of change in symmetry and 
threshold volume of zone B between col- 
umns 2 and 8 indicated that B was un- 
changed. However, difference in the ab- 
sorbancy ratios 285/249 of the fractions 
around the curve indicated that the ma- 
terial was still a mixture, and another 
method for resolution was sought. 

During earlier experiments the active 
material in the unsaponifiable fraction 
was found to have been eluted rapidly by 
a polar solvent from magnesium oxide ab- 
sorbent! ahead of the first yellow zone. 
Therefore, material B (0.8 mg.) was chro- 
matographed on 25 g. of this adsorbent 
with Skellysolve B in the hope of revers- 
ing and spreading the zone. No material 
was eluted in 500 ml. of this solvent, but 
it was found to have remained in the top 
two-fifths of the column, from which it 
was readily recovered with 5 per cent of 
absolute ethanol in Skellysolve B. This 
recovered material was used to work out 
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experimental details, and then another lot 
of B equivalent to 900 tips was chromat- 
ographed on 30 g. of magnesium oxide 
with 0.3 per cent of absolute ethanol in 
Skellysolve B. This material yielded B1 
through B5, the pattern of which is shown 


_ in figure 3. Additional quantities were ob- 


tained when B (91 mg.= 98.500 tips) was 
chromatographed on 100 g. of this ad- 
sorbent with 0.2 per cent of absolute 
ethanol in Skellysolve B. It is of interest 
to note the reversal of the wave-length 
ratios of zones B1 and B4; the combined 
fractions of each were later found to con- 
tain the active material. Materials from 
zones B2, B3, and B5 were found to be 
inactive. 

In the meantime, B4 had been chroma- 
tographed with the solvent containing 
0.25 per cent of ethanol and yielded B4A 
and B4B. B4B was found to be approxi- 
mately one-third as active as B1, and was 
set aside for future study. 

Since it now appears that a study of 
B4B will not be made, it seems desirable 
to point out the following observations. 

4 Hyflo Super-cel mixed 1:2 with adsorptive powdered mag- 


nesium oxide No. 2642, Westvaco Chlorine Products Co., 
Newark, Calif. 
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Fic. 2.—Elution curve of active material B from 
magnesium carbonate. 
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As is shown later, B1 was found to be an 
ester. Haller et al. (1944) and Acree 
(1953a) have proved the presence of free 
gyptol in the unsaponifiable fraction. 
Therefore, because the threshold volume 
of B4B was appreciably greater than that 
of B1, and because only B1 and B4B were 
attractive to male moths, B4B must be 
that free gyptol.The greater absorption 
at 285 my that occurs in zone B4B is not 
shown in the spectrum of gyptol BIA@A 
(Fig. 8) separated from B1, as described 
later. Although possibly due to contami- 
nation, this difference in absorption since 
B4B has been so highly purified, together 
with the greater rate of hydrolysis of its 
ester, seems to indicate that gyptol B4B 
may have an absorption curve different 
from that of gyptol B1A2A and is proba- 
bly a primary alcohol. 

All portions of B1 were combined and 
chromatographed on 100 g. of magnesium 
oxide with 0.2 per cent of absolute ethanol 
in Skellysolve B. The elution curve and 
the absorbancy ratios indicated a partial 
resolution of two products, B1A and B1B. 
Therefore, appropriate fractions of BIA 
were combined and rechromatographed 
twice to yield the elution curve shown in 
figure 4, the fractions of which were com- 
bined and designated as follows: 130-140 
ml., BIA1 (6.0 mg.); 145-150 ml., B1A2 
(17.5 mg.). Fractions 155-240 ml. were 
combined with appropriate fractions of 
B1B from the three columns and rechro- 
matographed to yield the elution curve 
shown in figure 5, the fractions of which 
were combined and designated as follows: 
135-165 ml., B1A2 (3.7 mg.); 170-175 ml., 
B1B1 (4.0 mg.); 180-250 ml., B1B2 (11.3 
mg.). 

Laboratory tests indicated that B1A1, 
both lots of B1A2, and B1B1 were attrac- 
tive to male moths, but the more reliable 
field tests, made with 6 micrograms per 
trap, indicated that essentially all the 
active material of Bl was contained in 
BIA and B1A2. This low concentration 
attracted about the same number of 
moths as the unsaponifiable fraction 
tested at the equivalent of 30 females per 
trap. Therefore, the high specific activity 
of the gypsy moth sex attractant is 
clearly demonstrated. Since a part of the 
active material had already been removed 
as B4B, it was evident that at this stage 
the remaining active material of the un- 
saponifiable fraction had reached an ex- 
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Fig. 3.—Elution curve of B from magnesium 
oxide. B1 and B4, active. 


tremely high concentration in B1A1 and 
B1A2, although their homogeneity was 
still uncertain. 

Because of the great affinity of B1A1 
and B1A2 for Skellysolve B in adsorption 
chromatography, a search was made for 
partition solvents that could be used 
chromatographically in the ultraviolet, 
and for solvents and spray tests for use in 
paper chromatography; the results were 
essentially negative. Ascending paper- 
strip chromatograms made according to 
the general scheme of Williams & Kirby 
(1948) with solvent consisting of 12 parts 
of water: 7.8 parts of tert-butanol: 0.2 
parts of ethyl acetate showed by the 
fluorescin-bromine-ultraviolet light test 
(Kirchner et al. 1951) that B1A2, but not 
B1A1, contained some B1B1. None of the 
spray tests usually applicable to the de- 
tection of unsaturation and hydroxyl 
groups positively identified zones of ac- 
tivity on paper chromatograms, although 
previously hydrogenation and esterifica- 
tion had indicated that gyptol was prob- 
ably an unsaturated alcohol. Later, at- 
tempts to use countercurrent distribution 
(Craig 1944) and reversed-phase partition 
chromatography patterned after the work 
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Fic. 4.—Elution curve of B1A from magnesium 
oxide, B1A1 and B1AQ, active. 


of Kritchevsky & Tiselius (1951) failed— 
in the first case because of inadequate 
solvents and in the second case because 
there was an excess of total absorbancy 
and a loss of material, although it was 
shown that active material could be eluted 
from the column. 

The accumulated evidence indicated 
that B1A1 and B1A2 might be different 
products. Therefore, fractions of B1A1, 
B1A2, and B1B1 (Figs. 4 and 5) were 
combined to afford the maximum yield in 
the separation and concentration of prod- 
ucts B1Al and B1AQ, and additional 
chromatograms were run on 100-g. col- 
umns of the magnesium oxide mixture 
with 0.05 per cent of absolute ethanol in 
the Skellysolve B. For some unknown 
reason, only a trace of material was eluted 
from the final column containing the 
fractions of B1A1, including those from 
figure 6, which, in addition, shows the 
elution curve of concentrated B1A2. This 
latter product amounted to 12.4 mg. 
(approx. 95,000 tips) and, although it 
crystallized in the icebox, it could not be 
recrystallized satisfactorily. 

Laboratory tests of an unsprayed but 
sectioned paper chromatogram of B1A2, 
prepared as mentioned above, indicated 
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two zones of activity. Their presence in 
B1A2 can be accounted for by its con- 
tamination with B1A1 and seems to indi- 
cate the possibility of B1A1 being a third 
gyptol. These two zones were more 
strongly indicated as follows: 2 g. (12,540 
tips) of unsaponifiable fraction was chro- 
matographed as already described 
through one column of magnesium car- 
bonate and one column of magnesium 
oxide and yielded 35.2 mg. of crystalline 
product B1. A 25.6-mg. sample of this B1 
was recrystallized from acetone; both the 
crystalline portion (14.6 mg.) and the oil 
(6.6 mg.) that was separated from the 
acetone mother liquor were found to be 
about equally active in field tests. In ad- 
dition, 2.2 mg. of amorphous product was 
separated from the acetone mother liquor 
before its final concentration, but it was 
not tested for attractiveness. 

Much of the puzzling behavior of B1A2, 
on the assumption that it was an un- 
saturated alcohol, was accounted for by a 
study of its infrared spectrum! and the al- 
most identical spectrum shown in Figure 
7 obtained from the crystalline portion of 


_ } The infrared spectra included herein were prepared and 
interpreted by Jonas Carol, U. S. Food and Drug Administra- 
tion. 
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Fic. 5.—Elution curve of B1B from magnesium 
oxide. B1A2, active. 
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the {reshly prepared Bl. These spectra 
proved that B1 and B1A2 (and presuma- 
bly 81A1) are long-chain esters; thus 
their great affinity for nonpolar solvents is 
accounted for. 

The partition coefficient of BI1A2 was 
determined on 11.4 mg. in a 1:1 mixture 
of carbon tetrachloride and absolute 
ethanol containing 30 per cent of for- 
mamide, and the recovered product (17.6 
mg.) contained 6.2 mg. of contaminant.® 
In spite of this, the recovered product was 
saponified for 10 minutes with diethylene 
glycol-potassium hydroxide according to 
the procedure of Schneider (1946), modi- 
fied by extraction of the neutral fraction 
with Skellysolve B prior to back-titration 
in order to prevent decomposition of 
gyptol by the mineral acid. The Skelly- 
solve B solution yielded 3.1 mg. of neutral 
fraction BIA2A. The aqueous reaction 
mixture required 2.70 ml. of 0.02 N alkali, 
and the saponification equivalent was cal- 
culated to be 319. A crystalline acidic 
product, B1A2B (7.8 mg.), was separated 

6 After a 100-plate distribution of the 6.6 mg. of oil from B1 
had been run, it was discovered that some reaction had occurre 
in this solvent mixture to produce a crystalline product which 


was not removed completely from the fractions by washing with 
water. 
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Fie. 7.—Infrared absorption curves of B1, 
. B1A2, B1A2A, and B1A2B. 
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Fig. 6.—Elution curve of B1A2 from 
magnesium oxide. 
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Fic. 8.—Ultraviolet absorption curves of B1A2, 
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from the acidified aqueous solution. The to be attractive to male moths when 

infrared and ultraviolet spectra of BLIA2A _ tested in the laboratory. This materia] 

and B1A2B are shown in figures 7 and 8, _ was obtained after a 10-minute saponitica- 
respectively. tion of B1A2, a reaction time found suf- 

The acidified aqueous solution was ficient for complete saponification of 
steam-distilled and the distillate titrated esters of secondary alcohols by the pro- 

1.17 ml. of 0.02N alkali. After it had been cedure described above. Yet its ester, 

concentrated and acidified, the distillate B1A2, was obtained after the original 

gave a positive test for formic acid, which benzene extractive had been saponified 

no doubt came from the contaminant with alcoholic potash for 17 hours, a 

mentioned above. reaction time normally sufficient to com- 

The acid B1A2B (7.8 mg., 1.382 ml. of _ plete saponification of esters of primary 

0.02 N) was chromatographed according alcohols. Therefore, BIA2A may bea 

to the procedure of Ramsey & Patterson secondary alcohol and therefore another 

(1948). A narrow zone left at the top of | gyptol different from gyptol B4B. 

the column indicated the presence of From the evidence described above it 

formic acid. The main zone was eluted be- appears that a procedure has been de- 

tween 19 and 65 ml. and yielded 7.5 mg. veloped which shows that the attractive- 
of crystalline substance; 6.4 mg. titrated ness of the gypsy moth sex attractant 

1.06 ml. of 0.02 N alkali, and the neutral can be attributed to two, or possibly 

equivalent was calculated to be 296. The three, fatty esters derived from at least 

Baeyer’s test indicated that the acid was two different alcohols. Unquestionably 

probably saturated, and it is presumed to — the isolation should be repeated on fresh 

be stearic acid. starting material in order to clarify some 
The neutral fraction BLA2A was found — obvious points of uncertainty. 
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insecticide Concentrations and Timing of Applications 
for Control of the Clover Root Borer 


GerorceE G. Gyrisco, A. A. Muka, Lemac Hopkins! and H. H. Neunzia,? 
Cornell University, Ithaca, New York 


In xn earlier paper, Gyrisco & Marshall 
(1950) reported excellent control of the 
clover root borer, Hylastinus obscurus 
Marsham, with applications of aldrin, 
dieldrin, and BHC dusts. Other workers, 
notably App & Everly (1950), have ob- 
tained similar results with formulations 
of aldrin, BHC and chlordane dusts. 
Information is lacking, however, on the 
minimum effective concentrations of these 
and other materials, on practical methods 
of timing such applications and on the 
use of these materials as sprays. Hence, 
work on the clover root borer during the 
past 4 years has been directed along these 
lines. 

MATERIALS AND Metuops.—In 1950, 
a series of small plots were laid out in a 
replicated randomized complete block 
experiment so designed that a certain 
number of the plots would be treated 
in the fall, part of the other plots would 
be treated in the spring and the remainder 


of the plots would be treated both in the 
fall and in the spring. The fall treatments 
were made on October 15; the spring 


Table 1.—Treatments with insecticides to de- 
termine optimum timing for control of the clover 
root borer. Fulton, New York. October 1950. 








AVERAGE AVERAGE 
No. Pr. 
Roots Resipvre 
UnIn- AT 
Roots guRED Harvest 
Dusts WueEn? UNIN- PER 10 (GREEN 
Apptiep! APPLIED JURED WEIGHT) 
Aldrin 
BHC? 
Chlordane 
Dieldrin 
— Fall 
Aldrin Spring 
BHC Spring 
Chlordane — Spring 
Dieldrin Spring ee 
Lindane Spring 3¢ ‘ 0.09 
Aldrin Fall & Spring ; — 
BHC Fall & Spring ; , 0.26 
Chlordane — Fall & Spring 1 ’ 0.0 
Dieldrin Fall & Spring ‘ — 
Lindane Fall & Spring i 0.12 
Untreated ‘ at _ 





L.S.D. at 5%—0.35 
at 1%—0.49 





‘One pound active ingredient per acre. 

? All fall treatments applied October 15, 1950. Spring only 
treatment applied May 19, 1951. Spring application of Spring- 
{all treatments applied May 2, 1951. Hay samples taken June 8, 
v0 


* Gamma isomer, 


Table 2.—Treatments with aldrin at four con- 
centrations for the control of the clover root 
borer. Fulton, New York. May, 1951. 








Roots 
UNINJURED 
PER 10 
SAMPLES 
(AVERAGE) 


Borers 

AcTUAL PER 40 
TOXICANT Roots Roots 
PER ACRE! (ALL UnNin- 
(Pounps)  Sraaces)? JURED 





0.25 32 
0.50 38 
0.75 38 
1.00 34 
none 22 





L.S.D. at 5%—2.1 
at 1%—2.9 





1 Dusts applied May 15, 1951. 
2 Roots dug August 9, 1951. 


plots were treated on May 2, a date 
prior to adult activity. The fall-spring 
plots were treated on October 15 and again 
on May 19 the following year when the 
borer was at peak migration as determined 
by tanglefoot traps (Gyrisco & Marshall 
1950). All the plots were treated at the 
rate of 1 pound of actual toxicant per 
acre of BHC, lindane, chlordane, aldrin 
and dieldrin. All the materials were used 
as dusts and were applied with a hand 
fertilizer spreader in a manner described 
in earlier papers. Hay samples for in- 
secticide residue analysis were taken on 
June 8 of all the plots, but the results from 
the aldrin and dieldrin plots were so 
variable that they have been omitted from 
this paper. This great variability was be- 
lieved to be due to the total chloride meth- 
od of analysis for aldrin and dieldrin, an 
unreliable method for these materials 
but the only one known at that time. 

During 1951, a series of four experi- 
ments, already described in detail by 
Gyrisco et al. (1952), were laid out in 
first harvest year stands of medium red 
clover. Aldrin, dieldrin, heptachlor and 
lindane were used in a graded series of 
1 Now at the Arizona Agricultural Experiment Station, 
Mesa, Arizona. 

2 The authors acknowledge the assistance of Dr. R. H. Bur- 
rage, now of the Canada ,Peereemscoe of Agriculture; W. G. 


Evans; and Dr. D. S. Marshall, now of California Spray-Chemi- 
cal Company in part of the work reported in this paper. 
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Table 3.—Treatments with four concentrations 
of dieldrin for the control of the clover root borer. 
Fulton, New York. May, 1951. 
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Table 5.—Comparison of treatments with four 
organic insecticides for control of the clover root 
borer. Fulton, New York. May, 1951. 


a, 


























Borers Roots Borers Roots AVERAGE 
‘ 40 UNINJURE P.P.} 
ACTUAL PER 40 UNINJURED ii m—a Reale 
ToxICANT Roots Roots PER 10 Materratt = =§ (ALL, —_ Roots) SaMPLES(GrEEN 
PER ACRE! (ALL Unin- SAMPLES (Dusts) Staces)? Unrnsurep (AVERAGE) Weigat)! 
(Pounps)? Sraces)* JURED (AVERAGE) Parathion 3 36 9.0 0.7 
ieaonene 21 -” : : 4 0.0 
ethoxychlor 12 31 . peice 
0.25 10 34 8.5 TDE 18 33 82 = 
0.50 2 39 9.7 Untreated 23 29 7.2 : 
0.75 5 39 9.7 ante cihaanee —— 
ot, & Be 
1.00 2 38 9.5 at 1%—-1.6 
none 22 31 aa 
e 1 Treated May 17, 1951, with 2 pounds of actual toxicant 
LS.D. at 5%—1.4 ace y “0 a ae 
—2.0 2 Roots dug August 10, 1951. 
at 1% 3 Harvested June 6, 1951; p.p.m. corrected for check. 





1 Dusts applied May 16, 1951. _ + : 
? Harvested June 7, 1951; no insecticide residues reported 


(green ly 
* Roots dug August 10, 1951. 


concentrations ranging from 0.25 pound 
to 1.25 pounds per acre (Tables 2, 3 & 4). 
Another experiment (Table 5) using para- 
thion, toxaphene, methoxychlor and TDE 
was laid out, and the plots treated with 
2 pounds of actual toxicant per acre. 
All the plots were treated on May 15, 
16 and 17 or just prior to the peak of 
migration flight. Grass samples for analy- 
sis of the residues were taken on June 6 
and 7 by cutting four 1-square-foot sam- 
ples of standing hay at random in each 
plot, compositing the samples and strip- 
ping each green sample immediately of 
insecticide residues using the appropriate 
solvents. The parathion samples were 
analyzed by the Averell-Norris method 
(1948) while lindane and BHC were ana- 
lyzed by the method of Tufts et al. (1950). 
Dieldrin and aldrin were analyzed by 
the total chloride method; heptachlor 
was analyzed from duplicate samples 


Table 4.—Treatments with four concentrations 
of heptachlor for the control of the clover root 
borer. Fulton, New York. May, 1951. 


retained until 1953 using an unpublished 
modification of the method of Polen & 
Silverman (1952) and earlier by the total 
chloride method. 

In 1952, an experiment similar in de- 
sign and size to those of the previous 
year was laid out in a good stand of first 
harvest year medium red clover and 
treated with four different dosages of 
lindane dust ranging from 1.0 to 1.75 
pounds of actual toxicant per acre. The 
plots (Table 7) were treated with a hand 
fertilizer spreader on May 22, a date 3 
to 7 days after a rather indefinite peak 
migration flight. In addition to this ex- 
periment, another field (Table 10) was 
divided into three large plots each 40 
feet wide and 500 feet long. The center 
plot remained untreated while the other 
two plots were treated separately with 
emulsions of aldrin and lindane using 
1 pound per acre of each insecticide. Both 
insecticides were applied with a low- 
pressure, low-gallonage weed _ sprayer 
using 40 pounds per square inch of pres- 


Table 6.—Treatments with four concentrations 
of lindane for the control of the clover root borer. 
Fulton, New York. May, 1951. 














AVERAGE AVERAGE 
Borers Roots P.P.M. Borers Roots P.P.M. 
AcTUAL PER 40 UNINJURED REsIDUE AcTUAL PER 40 UninsuRED Resipve At 
Toxicant Roots PER 10 AT HARVEST Toxicant Roors PER 10 Harvest 
PER Acre! (ALL Roors SAMPLES (GREEN PER Acre! (ALL Roots SAMPLES (GREEN 
(Pounps) Stages)? Uninsurep (AVERAGE) WEIGHT)* (Pounps) Staces)? Uninsurep (AVERAGE) WweiGuHtT)® 
0.50 i 37 9.2 0.030 0.50 1 37 9.3 (—) 0.04 
0.75 0 389 9.8 0.008 0.75 2 36 9.0 (—) 0.06 
1.00 4 38 9.5 0.021 1.00 1 36 9.0 0.17 
1.25 1 39 9.8 0.013 1.25 2 37 9.3 0.11 
None 22 24 6.0 ae None 20 30 7.5 — 
L.S.D. at 5%—2.1 L.S.D. at 5%—2.3 
at 1%—3.2 


at 1%—3.0 





1 Dusts applied May 16, 1951. 
2 Roots dug August 10, 1951. 
* Harvested June 6, 1951; p.p.m. corrected for check. 


1 Dusts applied May 17, 1951. 
2 Roots ree August 10, 1951. 
3 Harvested June 6, 1951; p.p.m. corrected for check. 
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Table 7.—Results of treatments with four 
concentrations of lindane for control of the clover 
root borer. Fulton, New York. May, 1952. 
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Table 9.—Comparison of three new organic in- 
secticides with lindane for control of the clover 
root borer. Fulton, New York. May, 1953. 











—_—_ 








Borers Roots 
ActuAL PER 40 UNINJURED 
ToxicaANt Roots Roots PER 10 
peR ACRE! (ALL UNIN- SAMPLES 
(Pounps) STaGEs)* JURED (AVERAGE) 
1.00 7 18 4.5 
1.25 12 18 4.5 
1.50 3 23 5.7 
None 75 15 3.7 
L.S.D. at 5% —-2.3 





1 Dusts applied May 22, 1952. 
2 Roots dug August 6, 1952. 


sure and 20 gallons of spray per acre. 
These plots were treated May 15, a date 
prior to the peak of beetle aerial migra- 
tion. 

During 1953, two dust experiments 
(Tables 8 & 9) identical in size and de- 
sign as those of 1951 were laid out in a 
field of first harvest year, medium red 
clover and treated with 1 pound per acre 
dosages of isodrin, endrin, lindane, Test 
Material I,* heptachlor and dieldrin as 
well as with 2 pounds per acre of methoxy- 
chlor and parathion. All the dusts were 
prepared and were applied with a hand 
fertilizer spreader in a manner described 
previously (Gyrisco et al. 1950). In an- 
other large field of first cutting year medi- 
um red clover, two large plots 40 by 500 
feet (Table 10) were laid out in the middle 
of a 12-acre field of clover and treated 
with 1 pound per acre of lindane applied 
as an emulsion at the rate of 20 gallons 
of spray per acre. All treatments were 
made on May 16 or prior to any clover 
root borer migration flights. 


Table 8.—Results with four organic insecti- 
cides applied for the control of the clover root 
borer. Fulton, New York. May, 1953. 











Borers Roots 
AcTIVE PER 40 UNINJURED 
Toxicant Roots PER 10 
Materia! per ACRE (ALL Roots SAMPLES 

(Dusts) (Pounps) Staces)? Unrinsurep (AVERAGE) 
Heptachlor 1.0 4 39 9.7 
Dieldrin 1.0 4 38 9.2 
Methoxy chlor 2.0 34 25 6.2 
arathion 2.0 53 21 5.2 
Untreated —_— 97 16 4.0 





L.S.D. at 5%—2.4 
at 1%—3.3 





Treated May 16, 1953. 
Roots dug September 8, 1953. 








Roots Un- 

BorERS PER INJURED PER 

Materia! 40 Roots Roots 10 SAMPLES 

(Dusts) (Aut Staces)? Untnsurep (AvEeRAGE) 

Isodrin 31 31 7.7 
Lindane 65 25 6.2 
Test material I 67 16 4.0 
Endrin 133 10 2.5 
Untreated 107 8 2.0 





LS.D. at 5%—2.6 
at 1%—3.7 





1 Treated May 16, 1953, with 1 pound of actual toxicant per 
acre, 
* Roots dug September 8, 1953. 


In all of the dust experiments during 
the past 4 years, 40 roots were dug at 
random for each treatment (10 in each 
plot) in late summer. In the spray tests, 
a smaller total number of roots were 
chosen but a larger number of roots were 
examined per plot. While the location of 
the diggings was chosen in a random 
manner, only those roots exceeding 5 mm. 
in the lesser diameter at the crown were 
selected for examination since roots less 
than that size are not usually infested. 
Each root was then measured at the crown 
and carefully dissected to determine the 
presence or absence of clover root borers. 
Each root was recorded as infested or 
uninfested depending on the presence of 
galleries and/or any stages of the clover 
root borer. Whenever there was doubt as 
to the exact nature of the injury of any of 
the roots from the treated plots, they were 
scored as infested. The actual number of 


3“NPD”-Tetra-n-propyl dithionopyrophosphate, E. I. du 
Pont de Nemours & Company, Wilmington, Delaware. 


Table 10.—Results with low-volume, low- 
pressure sprays for the control of the clover root 
borer. Fulton, New York, (1952) and Oswego, 
New York, (1953). 








BorERS PER 








MATERIAL! 25 Roots Per Cent 

(Sprays) (ALL StaGeEs)? UNINFESTED 
1952 

Lindane 0 100 

Aldrin 6 92 

Check 30 72 
1953 

Aldrin 0 100 

Check 39 30 





1 Treated May 15, 1952 and May 14, 1953, with 1 pound of 
actual toxicant per acre. é 
2 Roots dug August 6, 1952 and September 8, 1953. 
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clover root borers of all stages was also 
recorded for each root. 

In the late summer of the year following 
treatment, stand counts were made in 
some of the experiments by counting the 
number of old clover plants that could 
be found in 12 square feet in each treat- 
ment chosen in a random manner by 
throwing a wire frame enclosing 1 square 
foot into each plot. 

Discussion.—An examination of the 
results of the past 4 years shows that 
dieldrin, aldrin, heptachlor, isodrin, lin- 
dane, and BHC applied as dusts at the 
rate of 1 or more pounds per acre of actual 
toxicant have given excellent control of 
the clover root borer and good protection 
of the clover plants. Toxaphene, meth- 
oxychlor, TDE, Test Material I and 
parathion were erratic or unsatisfactory 
at the dosages at which they were used. 

On the basis of these limited experi- 
ments, it would appear that the mini- 
mum effective dosage of dieldrin, aldrin 
and heptachlor as a dust is about 0.5 
pound of actual toxicant per acre. Lin- 
dane, while sometimes successful, is usual- 
ly erratic at this low dosage and a rate 
approaching 1 pound per acre is indicated. 
However, even with dieldrin, aldrin and 
heptachlor, one is apt to obtain more con- 
sistently good results if these insecticides 
are used at or near 1 pound per acre of 
actual toxicant. With such dosages, even 
a carelessly applied treatment could be 
expected to give satisfactory results. 
Work with dieldrin and heptachlor at the 
1 pound dosage in 1953, when there was a 
heavy infestation of clover root borer, 
illustrates the excellent control of the 
borer and protection of the clover with 
such a practical dosage. 

Isodrin in the one experiment in which 
it was used gave excellent control but 
endrin, in the experimental formulation 
available at that time, proved wholly 
unsatisfactory. More work with these 
two materials, however, is needed before 
one can draw definite conclusions. 

It is rather obvious from table 1 that 
treatments for the clover root borer can 
be applied to new seedings either late in 
the fall or early the following spring. For 
best results in the spring, the applications 
should be made prior to the migration 
flight of the borer or at least prior to the 
peak of migration flight. Normally such 
applications in central and northern New 
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York would be made sometime during the 
first 2 weeks in May. In 1952, the appli- 
cations of lindane were applied after 
peak beetle flight and while they gaye 
satisfactory control of the borers, they 
did not prevent root injury. Although the 
borers were either killed or forced to leave 
their galleries by the insecticide, their 
borings into the tap root provided excel- 
lent openings for the entrance of root 
rots and other disease organisms which 
raused the roots to be severely damaged 
by fall. 

Fall application of insecticides have 
the obvious advantage of eliminating the 
problem of residues as the new growth the 
following spring has not been contami- 
nated but under New York conditions, 
even applications in the spring do not 
present serious residue problems. None of 
the residues in any of the experiments 
were of such magnitude as to endanger 
grazing cattle or present the problem of 
milk contamination. Applications of in- 
secticides in the fall are sometimes dis- 
advantageous in that they come at a 
time when the dairy farmer is busiest 
with other activities such as fall plowing, 
planting of winter grains and making corn 
silage. In addition, some insecticides ap- 
plied during a dry fall may deteriorate 
appreciably, and their potency in the 
spring may be insufficient to control the 
borer during its migration flight. While 
fall applications of insecticide have given 
good control, it is believed that applica- 
tions in early spring are more practical 
and dependable year after year. 

In preliminary tests low-gallonage 
sprays were successful. Although such 
applications can be made successfully, 
they were not as reliable as dusts for the 
control of the clover root borer. It is 
believed on the basis of these and other 
experiments not reported here that for 
best results with sprays one should apply 
20 or more gallons of spray per acre, and 
such applications should not be made 
too early or too late in the spring. 

In the plant persistence counts made 
in the heptachlor and dieldrin concentra- 
tion experiments of 1951, there was a 
significant average increase of over %8 
per cent in the stand of old red clover 
plants in all of the dieldrin plots as com- 
pared with the untreated checks, but no 
significant increases in stand in any of 
the heptachlor plots, although there was 
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an increase in the number of seedlings 
present. There is no question that lack of 
snow cover, winter heaving, poor agro- 
nomic practices, foliage and root dis- 
eases are important factors in reducing 
plant stand, and merely controlling the 
clover root borer will not guarantee clover 
persistence. Conversely, during years of 
mild winters, good snow cover, and the 
absence of the usual amount of foliage 
and root diseases, clover stands in ex- 
perimental fields have been significantly 
increased as much as 39 to 71 per cent by 
control of the clover root borer (Newson 
1948).* 

SumMary.—During the past 4 years, 
spray and dust experiments using aldrin, 
dieldrin, heptachlor, isodrin, endrin, chlor- 
dane, toxaphene, methoxychlor, TDE, 
parathion, Test Material I, lindane and 
BHC were used in 11 different experi- 
ments to control the clover root borer. 

It was found that although 0.5 pound 
per acre of aldrin, dieldrin, and hepta- 
chlor as dusts gave satisfactory control 
of the clover root borer, a pound per acre 
of actual toxicant seemed to be more 
practical and gave good results more con- 
sistently. One pound per acre of lindane, 
isodrin, chlordane and BHC as dusts also 
gave good control, but endrin, toxa- 
phene, parathion, TDE and Test Material 
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I gave unsatisfactory control at this and 
higher dosages. 

Preliminary tests with aldrin and lin- 
dane applied as emulsions at the rate of 
1 pound per acre of actual toxicant gave 
good control, but in general, sprays were 
less reliable than dusts. It was also found 
that at least 20 gallons of spray should 
be applied per acre for best results. 

Plots sprayed both in the fall and the 
spring had no appreciable residue on the 
hay at harvest from either application. 
Fall applications, while giving good con- 
trol of the insect and smaller insecti- 
cide residues on the hay, may not be 
practical from a grower usage standpoint 
as the fall season is often the busiest 
time in the year for the dairy farmer. 

The applications of insecticide should 
be made prior to the flight of the adults 
yet late enough so the maximum amount 
of toxicant will be present around the 
crowns of the plants when the beetles 
arrive in their flights during migration. 

Clover fields which have been properly 
managed and where diseases have not 
been a serious problem have shown 
significant increases in persistence of 
clover with clover root borer control. 

4 Newson, Leo Dale. 1948. The biology and economic im- 
tance of the clover root borer, Hylastinus obscurus (Marsham). 


hesis for degree of Ph.D., Cornell Univ., 129 pages. Unpub- 
lished. 
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The Persistence of Lindane-Chlorinated Terpheny| 
Residues on Outdoor Foliage’ 


Irwin Hornstern, W. N. Sutiivan, Curna-nst Tsao, and A. H. Yeomans, 
U.S.D.A., Agr. Res. Serv., Entomology Research Branch 


Laboratory tests have shown that mix- 
tures of lindane and chlorinated ter- 
phenyl? leave filmlike residues that pro- 
long the useful life of lindane severalfold 
(Sullivan & Hornstein 1953). In these 
films the volatilization rate of lindane is 
decreased by the reduction of its vapor 
pressure and also of the surface area 
available for evaporation per unit weight 
of lindane. In addition, the effectiveness 
of the residue is prolonged by the migra- 
tion of lindane to the surface of the film 
(Hornstein & Sullivan 1958, Tsao et al. 
1953). 

This report is concerned with lindane- 
chlorinated terphenyl mixtures applied 
to foliage outdoors. Their effectiveness in 
different formulations has been studied, 
and an attempt has been made to measure 
the ease with which they are washed off 
the leaves. 

Preliminary tests indicated that con- 
ventional types of formulations contain- 
ing light and heavy oils were liable to 
burn foliage. Moreover, the residues from 
oil solutions of lindane-chlorinated ter- 
pheny] mixtures were not effective against 
house flies any longer than were those 
from lindane solutions. The sorption of 
oil solutions on leaves has been reported 
by Hadaway & Barlow (1949). Although 
such sorption might not affect the toxicity 
of the residue to chewing insects, it would 
materially alter the contact effectiveness 
of the insecticide. 

To see if the solutions were readily 
absorbed, soluble dye was incorporated 
into lindane-chlorinated terphenyl solu- 
tions before they were applied to the 
foliage. Examination of a cross-section 
of a treated leaf under the microscope 
showed that the dye had penetrated into 
the cuticle when an oil solution was used, 
However, formulations with low-boiling 
solvents, such as acetone and methyl 
ethyl ketone, because of the rapid evapo- 
ration of the solvent, left a nonpenetrating 
residue, as indicated by the nonmigration 
of the dye into the leaf. They also showed 
no signs of burning, even on such tender 
foliage as young bean plants. 


Although burning of foliage and loss 
of insecticide through penetration can be 
minimized by the use of low-boiling ke- 
tones as solvents, the resulting air-borne 
particles, because of rapid solvent evapo- 
ration, may not be useful for many pur. 
poses. High-boiling materials added to 
minimize this evaporation leave an un- 
desired component in the lindane-chlori- 
nated terphenyl deposit, which might 
affect its adherence and cause leaf pene- 
tration. The incorporation of water is of 
little help because of its high volatility, 
Moreover, when added to an acetone or 
methyl ethyl ketone solution, water will 
decrease the solubility of lindane and 
chlorinated terphenyl and may cause 
precipitation. However, this effect is 
minimized, if, instead of water alone, a 
fairly concentrated solution of a substance 
soluble in water but not in the organic 
solvent is added, and emulsions can be 
successfully prepared. Such a material 
will also lower the vapor pressure of the 
water, and thus its evaporation rate. 
More important, there will be little change 
in the size of the spray particles, because 
a nonvolatile nucleus is left as soon as 
some evaporation takes place. If this 
emulsion breaks rapidly after application, 
the water-soluble material will be readily 
removed by rain to leave the desired 
lindane-chlorinated terphenyl residue. 
Suitable for this purpose are either un- 
stable emulsions or stable emulsions con- 
taining an emulsifying agent that rapidly 
decomposes after spraying, such as am- 
monium oleate. 

The most promising noninjurious addi- 
tives to water for this purpose are poly- 
hydroxy compounds. The simplest of 
these compounds, ethylene glycol and 
glycerol, are too expensive for practical 
use. We have used an inexpensive, high- 
conversion corn syrup, sold as Sweetose.’ 
This syrup contains 81.8 per cent of solids 


1 Presented at the meeting of the Eastern Branch of the En- 
tomological Society of America at Philadelphia, Pa., Nov. 16-17, 
1953 


: ‘Available as Aroclor 5460 from Monsanto Chemical Co., St. 
Louis, Mo. 
3 Made by A. E. Staley Mfg. Co., Decatur, Ill. 
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Table 1.—Formulations of lindane, with and without chlorinated terphenyl, tested for persistence 






































on foliage. 
LinDANE | Ls. SoLUTIONS SUSPENSIONS EMULSIONS 
Pius 1H INGREDIENTS 1 No, | No, | No. | No. | No. | No. | No. | No. | No. | No. | No. | No. |No. | No. |No.|No. 
ASTE 1 3 4 5 6 7 8 9 10 ll 12 | 13 | 14] 15 | 16 
Chlorinated terphenyl: . ; 
1 Ib. x x xX ; x x x x x x 
2 Ib. xX x 
Acetone to make: . 
4 gal. = x 
1 gal. X x 
Methyl ethyl ketone to make: ; ; ‘ : : 
} gal. 29 28 Se & oe x Riszis : 
1 gal. ; z : x 
No, 2 fuel oil 4 gal. x ‘’ 
Oil SAE 50 4gal.+kerosene P 
i gal. > a 
Xylene: 
To make } gal. x 
} gal. x lx 
Corn “m3 +water: “ 
} gal.+¢ gal. x ; | 
Water: ‘ 
} gal. x x 
1:1 by volume x 
Triton X-100! 1} oz. x 
Emcol H-77:2 
4 oz. x 
1 02, x 
7} 072. x 
Atlox 1045A? 2 oz. x {lx 
Ammonium oleate 1 oz. x 





















































1 Alkyl aryl polyether alcohol. _ ; 
2 Blend of polyalcohol carboxylic acid esters and sulfonated oils. 
3 Polyoxyethylene sorbitol oleate-laurate. 


and has a sugar-to-dextrin ratio of ap- 
proximately 7:1. 

In formulations containing lindane- 
chlorinated terphenyl, methyl ethyl ke- 
tone, and water plus corn syrup the water 
phase is the less volatile phase. It is there- 
fore desirable to prepare oil-in-water 
emulsions. The emulsions with ammonium 
oleate are of this type. When methylene 
blue, a water-soluble dye, is added, a 
drop of the emulsion appears to be all 
blue. When DuPont oil red, an oil-soluble 
dye, is added, a drop of the emulsion con- 
tains discrete red particles. The blue 
(water) is therefore the continuous, and 
the red (oil) the discontinuous phase. 

SPRAYING ProcepuRE.—Several of the 
formulations given in table 1 were sprayed 
on test plots containing four kinds of 

Table 2.—Per cent mortality of house flies ex- 


posed to heavy deposits of lindane and lindane- 
chlorinated terphenyl residues on laurel foliage. 























AGE OF REsIDUE 
Formu.a- (Days) 
TION | ‘TYPE OF 
No. | Spray! 45 | 70 | 100 
1 | Solution 100 0 0 
2 Solution 100 88 72 
8 Suspension 100 88 87 








' Applied on March 9, 1953, 


foliage. A continuous hand spray gun 
was used on plots of ornamental laurel and 
a spruce windbreak, and a mist blower 
on grass plots. Plots of elm and pine 
trees were treated with a carbon dioxide- 
propelled dispenser, which forces the 
liquid at a pressure of 100 p.s.i. through 
a Spraying Systems Co. model Tee Jet 
1.27 atomizer nozzle to deliver a hollow- 
cone spray. 

BroLogicaL Trsts.—After the resi- 
dues had aged for various periods, repre- 
sentative and roughly equal foliage sam- 
ples were collected from the various plots 
and brought into the laboratory. Grass 
samples were cut at the base of the blades. 
The samples were placed in pint Mason 
jars with cheesecloth covers, together 
with 50 to 100 house flies (Musca domesti- 
ca L.) 2 to 3 days old, temporarily im- 
mobilized with carbon dioxide. After 
the flies had been exposed for 30 minutes, 
they were transferred to cages and held 
for 24 hours for mortality determinations. 
The results are given in tables 2 to 5. 

Spray-Deposir DeterMrinaTions.—In 
the plots containing spruce, elm, and pine 
trees determinations were made of the 
spray deposits. Nine grams of DuPont 
oil red was added to each gallon of spray, 
and aluminum or glass plates 1 square 
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Table 3.—Per cent mortality of house flies exposed to lindane and lindane-chlorinated ter. 
phenyl residues on spruce foliage. 
















ForMULA- 





AGE oF ResipvuE (Days) 































Another experiment 
to compare the ease with which the vari- 
ous formulations may be washed off the 


was 


deposit on each plate was washed with 
acetone into a 100 ml. volumetric flask, 
and the amount of dye in an appropriate 
aliquot of this solution was determined 
spectrophotometrically. Since the ratio 
of lindane to dye in the stock solution 
was known, the corresponding amount of 
lindane could readily be calculated. The 
results are shown in tables 3 and 5. 
DrTERMINATION OF EASE OF WASHOFF. 


conducted 


Table 4.—Per cent mortality of house flies ex- 
posed to lindane and lindane-chlorinated ter- 
phenyl residues on sprayed grass. 











Formv- | 
LATION 
No. | 


Court u 


Ace or Resipvr (Days) 














Type oF 
Spray! 3 ll | 20 40 
Solution | 19 | 0 — — 
Solution | 100 13 — as 
Solution | 59 | 20 — _— 
Solution 100 29 | _ _ 
Suspension} 100 | — | 91 6 









1 Applied on April 27, 1953. 





TION Deposit, §|—————_——_ om — 
No. Type or Spray! | Ma./Sa. Fr. 3 | 15 35 57 100 
4 Solution 1 iz i@ | 2 0.3 _— | = 
3 Solution 7 0 0.4 0 — _ 
10 | Quick-breaking 21 | 80 24.0 1 28 39 
emulsion 
7 Solution 11 | 97 68 40 54 59 
1 Applied on May 12, 1953. (4 replications). 
foot in area were set out in the plots. The leaves. Treated elm leaves were allowed 


to dry on the plants for 24 hours, and then 
collected and placed in quart Mason jars 
containing 500 ml. of water. The jars 
were placed on a tumbling machine, which 
rotated at 60 revolutions per minute, 
for 45 minutes. The leaves were then 
taken out, the water was extracted with 
ether several times, and all ether layers 
were combined. The ether was evaporated 
and the residue taken up in acetic acid. 
Lindane determinations were made by 
the Schechter-Hornstein method (1952), 

All the washed leaves were then indi- 
vidually dipped into each of two gradu- 
ates containing 25 ml. of ether to remove 
the lindane. The ether extracts were com- 
bined, the ether was evaporated, and the 
lindane picked up in acetic acid and de- 
termined as before. The percentage of 
lindane washed off was then calculated 
as follows: 


Lindane in water X 100 





Lindane in water+lindane on leaves 


Table 5.—Per cent mortality of house flies exposed to lindane and lindane-chlorinated terphenyl 
residues on elm and pine foliage. Sprays applied June 17, 1953. 












| 
















































2 Emulsifying agent decomposes after application. 


Formv- | AGE oF ResinvuE (Days) 
LATION Fot.r- Deposit, | —— — 
No. | TypeorSpray| aGeE_ | Ma./Sa. Fr. | 3 7-9 | 15-17 | 22 | 44 | 79-85 
11 | Quick-breaking | Elm 12 100 wee Cee Se 
emulsion Pine 6 100 68 =~ 96 63 57 
13. | Quick-breaking | Elm 40 100 — — 57 69! | 70 
emulsion Pine — 100 a — 88 — 90! 67 
14 _| Solution Elm 11 100 -- 33 oe 2 0 = 
Pine 16 100 — 2 — 0 1 Fi 
15 | Stableemulsion| Elm 41 — 9 — 0 — — 7 
Pine 12 0 a 0 — — he 
16 | Stable Elm 38 100 — 94 — 93 | 68 53 
| emulsion? | Pine 21 100 — 97 — 88 96 48 
1 $8 days old. 




















ullowed 
nd then 
On Jars 
he jars 
, which 
ninute, 
e then 
cd with 
layers 
orated 
¢ acid. 
ide by 
(1952). 
n indi- 
gradu- 
‘emove 
€ com- 
nd the 
nd de- 
age of 
‘ulated 





| So 3 Gr Or 
2c) 


| 


| 


& | 








April 1954 GaHAN ET AL.: House Fy Barts 335 

Conc.Lusion.—Lindane-chlorinated ter- 
phenyl residues on outdoor foliage give 
longer protection than lindane alone. 


The percentages obtained with eight 
formulations are given below: 











ee However, applications cannot be made 
ForMt LA- from oil solutions, which tend to penetrate 
TION - 
No. Tis cd Seelay Per‘Cenr the leaf surface, or from stable emul- 
Paar sions, which are easily removed by wash- 
Solution 56.0 off. Effective applications from emulsions 
: Pein ae Pg: containing low-boiling ketones as the oil 
be! us s . ‘ ° es 
11 Quick-breaking emulsion 23.5 phase can be made if the water phase 
12 Stable emulsion 87.0 contains a fairly high concentration of a 
13 Quick-becaking emulsion 21.7 water-soluble material, such as a high- 
15 Stable emulsion 82.0 conversi rn syrup, and if either the 
16 Stable emulsion! 27.0 — yrup, 1 if eithe 


emulsifying agent readily decomposes 
after application or an unstable emulsion 
is used. 





1 Emulsifying agent decomposes after application. 
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Organic Phosphorus Compounds as Toxicants in 
House Fly Baits! 


James B. Ganan, H. G. Witson, and W. C. McDurrts,? Entomology Research 
Branch, Agr. Res. Serv., U.S.D.A. 


Studies by Thompson et al. (1953) in 
various sections of this country showed 
that good control of house flies, Musca 
domestica L., in dairy barns could be ob- 
tained with baits containing TEPP, lin- 
dane, an attractant, and water. The 
baits were applied with a garden sprink- 
ling can to the floors of the barns, par- 
ticularly where flies congregated in the 
greatest numbers. Gahan et al. (1953) 
demonstrated that similar baits with and 
without lindane greatly reduced the 
abundance of resistant flies in Florida 
dairies. They also found that satisfactory 
control could be obtained with aqueous 
solutions of sodium arsenate and an at- 
tractant exposed in metal pans. Under 
Florida conditions lindane did not im- 
prove the effectiveness of TEPP baits 





applied with a sprinkling can, but Thomp- 
son et al. found it very beneficial in their 
studies elsewhere. 

Sodium arsenate and TEPP are more 
toxic to warm-blooded animals than is 
desirable for general use. The disposal of 
spoiled sodium arsenate baits is difficult 
because this toxicant is a stable water- 
soluble material and will therefore con- 
taminate soil or water for a long time. 
TEPP baits present no disposal problem, 
but there is considerable danger in hand- 


1 Presented at the meeting of the Entomological Society of 
America, Los Angeles, Calif., December 7-10, 1953. This work 
was conducted at the Orlando, Fla., laboratory of the Bureau of 
Entomology and Plant Quarantine under funds allotted to the 
Bureau by the Department of the Army. 

2 The writers thank C. V. Bowen of the Orlando laboratory for 
his assistance; also T. B. Hester, P. H. Adcock, C. R, Critten- 
den, and H. B. Davis for performing many of the routine duties 
connected with this research. 
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ling the concentrated material. 

Laboratory screening tests were under- 
taken during 1952-53 to find effective 
substitute toxicants for use in different 
types of baits. The most promising ma- 
terials were malathion, Diazinon (0,0- 
diethyl O-2-isopropyl-6-methyl-4-pyrimi- 
dinyl thiophosphate), and Bayer L 13/59 
(a dialkyl phosphonate). Malathion and 
Diazinon are commercially available in 
wettable powders and emulsifiable con- 
centrates. Both have been tested exten- 
sively as residual treatments in barns in 
some areas, apparently with good results 
and without any ill effects to man or ani- 
mals. L 13/59 is available only as a tech- 
nical material in experimental quantities, 
but is readily soluble in water at concen- 
trations needed in baits. Since all three 
compounds inhibit cholinesterase, care 
should be taken in using them. 

During the summer of 1953 extensive 
field tests were conducted with these com- 
pounds in attractant baits for the control 
of resistant flies in dairy barns. This 
paper summarizes the results of laboratory 
and field tests with these materials. 

Lasoratory Stupres.—Tozicity tests. 
—TJnitial evaluations of the toxicants were 
made at concentrations of 0.5 and 2 per 
cent in 10 per cent aqueous solutions of 
malt or blackstrap molasses. Technical 
L 13/59 and laboratory-prepared emulsi- 
fiable concentrates of Diazinon and mala- 
thion were used in formulating the baits. 
Cotton pads 1 inch square were saturated 
with these baits and placed individually 
on top of small cylindrical screen-wire 
cages, where they could be fed upon by 
flies. Each cage contained 20 female 
flies from a highly DDT-resistant labora- 
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tory colony. After 16 hours the treated 
pads were removed and replaced with 
pads saturated with a honey solution, 
Mortality counts were made 1, 16 and 2% 
hours after the flies were given access to 
the baits. All three baits were highly 
effective, and so were tested further at 
concentrations ranging from 0.002 to 1] 
per cent. Two cages of 20 flies each were 
used in each test. The results are presented 
in table 1. 

Diazinon and L 13/59 were more toxic 
than malathion, being highly effective 
at concentrations as low as 0.008 per 
cent. Malathion was slightly repellent 
at 1 per cent, but this was not apparent 
with the other materials. In previous 
tests malathion had shown greater re- 
pellency at this concentration. 

Other tests were conducted to find out 
whether malathion and L 13/59 remain 
effective as long as 14 or 28 days after 
being prepared in liquid baits. Diazinon 
was not included in these tests. Stocks 
of baits containing 10 per cent of black- 
strap molasses and the toxicant were 
prepared and stored at room temperature 
for periodical testing. To determine the 
length of time an emulsifiable concentrate 
would remain suspended in the molasses 
solution, the bait containing malathion 
was divided in half and one sample was 
stirred just before using whereas the other 
was never stirred. Since L 13/59 was com- 
pletely soluble in water at the concen- 
trations tested, it was assumed that it 
would remain equally dispersed in the 
bait without stirring. Periodically cotton 
pads 1 inch square were saturated at the 
surface of the stored baits and tested as 
previously described. Two cages of flies 


Table 1.—Per cent mortality of house flies at different periods after they were given access to mo- 
lasses baits containing various concentrations of malathion, Diazinon, and L 13/59. 

















MALATHION DIAZINON L 13/59 
PEr Cents — 
CONCEN- 1 16 24 16 24 1 16 24 
TRATION Hour Hours’ Hours Hour Hours Hours Hour Hours Hours 
1.0 25 83 83 88 98 100 93 100 100 
0.5 33 88 88 75 98 100 93 100 100 
25 48 88 88 50 90 93 98 100 100 
. 125 20 63 68 75 98 98 100 100 100 
.063 23 70 70 45 100 100 50 85 90 
.032 3 55 55 58 93 98 78 100 100 
.016 3 38 40 68 90 90 50 88 93 
.008 0 30 35 45 88 88 60 93 95 
.004 3 15 23 0 18 18 40 80 80 
.002 3 33 33 0 0 0 5 35 35 
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were used in each test. Mortality counts 
were nade 24 and 48 hours after they 
were given access to the baits. The re- 
sults are presented in table 2. 

The bait containing L 13/59 remained 
completely effective after 14 days but was 
not tested thereafter. The stirred mala- 
thion bait was still as effective after 28 
days as when freshly prepared, but the 
unstirred malathion bait showed some 
loss in effectivness. However, the reduc- 
tion probably would be of little impor- 
tance in practical use. 

Acceptability tests.—Since flies will not 
feed on baits that are distasteful, a series 
of tests was run to determine the accept- 
ability of 10 per cent molasses solutions 
containing various concentrations of mala- 
thion and L 13/59. Diazinon was not in- 
cluded in these tests. Pieces of filter paper 
were impregnated with 3 ml. of each for- 
mulation and exposed in uncovered 4-inch 
petri dishes in a room well-stocked with 
house flies. Each bait was tested against 
the standard, a 10 per cent molasses solu- 
tion. Duplicate dishes containing a test 
formulation and the standard were ar- 
ranged on a table in the shape of a square 
with the same treatments diagonal to 
each other. Eight counts of the flies land- 
ing on the papers were made at 1-minute 
intervals, the insects being disturbed 
and the dishes rotated one position to the 
right after each count. Each formulation 
was tested twice and the results averaged. 
The attraction ratio of the test bait to 
the standard was determined by compar- 
ing the numbers of flies landing on the 
respective baits. These ratios were as 
follows: 











Per Cent 
CoNCENTRA- 
TION MALATHION L 18/59 
1.0 0.138 0.78 
0.1 AT .89 
Ol .84 .86 





Malathion at a concentration of only 
0.01 per cent caused a slight reduction in 
attractiveness, and higher concentrations 
were definitely repellent to flies. L 13/59 
also showed a slight deleterious effect, but 
little difference between low and high 
concentrations. 

FieLp Srupres.—Practical tests were 
run in typical unscreened dairy barns in 
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Table 2.—Per cent mortality of house flies 
after feeding on molasses baits containing mala- 
thion or L 13/59 at various intervals after prepa- 
ration. 








Hours 
Days AFTER 
Arter FeepiIng —— 
Prepa- Was Not lee cts Sse init 
RATION Braun Stirred Stirred 0.016% 0.004% 


Ma.aTaion 0.5% 
_ L 13/59 











1 24 55 63 100 92 
48 90 95 100 92 

4 24 93 75 _ —_ 
48 100 98 —_ — 

t 24 _ _ 100 100 
48 - _ 100 100 

14 24 90 78 100 100 
48 98 90 100 100 

28 24 90 70 _— _ 
48 100 85 _ _ 





central Florida to determine the effective- 
ness of malathion, L 13/59, and Diazinon 
baits in controlling house flies under natur- 
al conditions. Two tests were made with 
TEPP for comparative purposes. Each 
bait contained one of these insecticides, 
an attractant, and water. Applications 
were made with a garden-type sprinkling 
can to the daytime feeding places of the 
flies in strips 4 to 6 inches wide. Most of 
the material was sprinkled on concrete 
floors, but in one dairy (No. 6) where 
an adjacent calf barn had dirt floors 
pieces of galvanized metal were placed 
between the pens and treated. Treat- 
ments applied to nonabsorbent surfaces 
were more available to the insects and 
therefore much more effective than those 
applied to dirt or litter-covered floors. 
From 1 to $ gallons of bait were used for 
each treatment, depending on the floor 
area of the dairy. Applications usually 
were made 5 days each week (Monday 
through Friday) for 3 to 5 weeks, after 
the cows had been milked in the morning. 

The abundance of house flies was deter- 
mined by counting the flies that alighted 
on a piece of hardware cloth laid over two 
petri dishes partially filled with equal 
parts of malt and water. The dishes were 
always exposed in the locations where the 
density of flies was greatest. Five counts 
were made daily for 3 days before the 
bait treatments were started and 5 to 6 
days each week thereafter. Counts were 
continued after completion of the tests 
in order to follow the restoration of the fly 
population. The degree of control was 
based on the difference in the count of 
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flies before and at intervals after treat- 
ment. Dairies in which no fly control was 
practiced were not available. Results of 
these tests are summarized in table 3. 
Five applications per week of the bait 
containing 0.1 per cent of malathion and 
10 per cent of molasses produced excellent 
control of flies in dairy No. 1. The same 
bait applied three times a week failed to 
give satisfactory control in dairy No. 2, 
but 86 to 89 per cent control was obtained 
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the second and third weeks of the test 
with five applications per week. The 
control in this barn apparently was af. 
fected by an adjoining open calf barn with 
a dirt floor. The floor of this building was 
littered with straw mixed with manure, 
which was so attractive to the flies that 
many of them ignored the bait exposed 
on pieces of galvanized metal between the 
pens. 

Lowering the molasses content to 3 


Table 3.—Effectiveness of baits applied with sprinkling cans for the control of house flies in 


open dairies. 














NUMBER OF Per Cent Darty Repvuctioyn 














Per CENT OF Per CENT OF APPLICATIONS - 
TOXICANT ATTRACTANT Darry No. PER WEEK Range Average 

Malathion 0.1 Molasses 10 1 5 96-98 97 
5 99 99 
5 92-99 98 
1 93-99 97 
0 66-90 78 
Molasses 10 2 3 60-78 70 
5 71-97 86 
5 78-95 89 
0 18-95 55 
Molasses 3 6 15-83 45 
5 30-70 56 
5 78-87 82 
Corn syrup 3 3 5 91-98 96 
5 85-95 92 
5 95-98 97 
L 13/59 0.1 Molasses 10 xj 5 88-99 94 
5 93-98 96 
5 98-99 99 
Sugar 10 8 5 86-98 95 
5 97-99 98 
5 98-99 99 
.02 Sugar 3 5 5 69-87 83 
5 76-95 85 
Molasses 10 5 94-98 96 
5 91-99 94 
5 90-98 94 
.01 Sugar 3 4 5 25-91 61 
10 5 78-99 91 
5 93-99 97 
5 86-96 90 
Sugar 3 6 5 29-67 52 
Corn syrup 3 6 29-79 46 
10 6 46-97 78 
5 94-98 97 
5 95-99 97 
Diazinon .1 Sugar 10 14 5 95-100 97 
5 84-99 96 

5 99-100 99+ 
TEPP .1 Molasses 10 3 5 74-96 S4 
5 49-91 77 
5 67-91 79 
.05 Molasses 10 1 4 67-86 79 
5 14-97 74 

5 48-97 
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per cent apparently reduced the effective- 
ness of 0.1 per cent of malathion some- 
what, for the bait gave considerably less 
control than in the dairy with 10 per cent 
of molasses. However, a bait containing 
3 per cent of corn syrup was highly effec- 
tive in dairy No. 3. 

An effort was made to test 0.01fper 
cent of malathion plus 3 per cent of mo- 
lasses in another dairy, but after the sec- 
ond treatment the owner became dis- 
satisfied with the results and applied a 
TEPP bait. Only 28 and 34 per cent 
reductions were obtained with the two 
applications. 

Baits containing 0.1 per cent of L 
13/59 and 10 per cent of molasses or 
sugar were highly effective in two dairies, 
giving average weekly controls of 94 to 
99 per cent over a 3-week period. 

Concentrations of only 0.01 and 0.02 
per cent of L 13/59 with 3 to 10 per cent 
of various attractants were less effective 
than 0.1 per cent of L 13/59 the first 
week, but repeated treatments eventually 
gave effective control in three locations. 
Improved control was obtained in one 
dairy (No. 5) within 24 hours after the 
attractant was changed from 3 per cent 
of sugar to 10 per cent of molasses. A 
similar improvement resulted in another 
dairy (No. 4) when the sugar content of 
the bait was increased from 3 to 10 per 
cent. Poor control was indicated in a third 
dairy (No. 6) throughout the first 2 
weeks with baits containing 0.01 per cent 
of L 13/59 and 3 per cent of sugar or 
corn syrup. When the syrup was increased 
to 10 per cent the third week, the control 
gradually increased and during the fourth 
and fifth weeks averaged 97 per cent. In 
spite of the unsatisfactory results obtained 
during the first and second weeks in dairy 
No. 6, dead flies were numerous on the 
floor each day within 10 minutes after 
the bait was applied and counts made 
after 30 minutes always showed between 
95 and 99 per cent reductions. Collections 
of dead flies on the floor ranged between 
15,000 and 66,000 the second week of 
treatment and reached 121,000 on one 
occasion the third week. During the fourth 
week collections never exceeded 5,000 and 
were therefore discontinued. 

_Excellent control was obtained in dairy 
No. 14 with 0.1 per cent of Diazinon 
(wettable powder) plus 10 per cent of 
sugar. The fly population was reduced 
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99 per cent within 24 hours after the first 
application, and the control averaged 
above 96 per cent throughout a 3-week 
test period. 

Standard baits containing 0.05 or 0.1 
per cent of TEPP and 10 per cent of 
molasses did not provide as good control 
as most of the experimental baits. 

In the course of these tests it was ob- 
served that baits containing 0.1 per cent 
of malathion, L 13/59, or Diazinon gave 
exceptionally quick reductions of existing 
fly populations. Dead flies could be found 
within 5 minutes after feeding started. 
In several dairies counts indicated reduc- 
tions of 90 per cent or more within 30 
minutes and up to 98 per cent within 3 
hours. Frequently similar reductions were 
also indicated 24 hours after treatment, 
but at other times considerable numbers 
of flies were again present. The variations 
in the 24-hour reductions apparently 
reflected differences in breeding pressure 
and adult-fly emergence on the premises 
and did not necessarily mean that similar 
treatments were less effective initially in 
the various locations. However, the differ- 
ences indicated that more frequent treat- 
ments are necessary to achieve control in 
locations where breeding pressure is great. 
Results indicated that daily treatments 
for about 2 weeks will reduce the breeding 
potential in most locations to a point 
where treatments 2 to 4 times a week 
will maintain satisfactory control. 

Early in the summer of 1953 the Sani- 
tation Department of the city of Orlando, 
Fla., requested advice and assistance in 
controlling house flies in a large garbage- 
disposal area where repeated sprayings 
with lindane and other insecticides had 
proved almost completely ineffective. A 
survey of the area revealed heavy breeding 
in improperly processed garbage and an 
enormous adult population. Flies from 
the area were migrating into nearby 
residential areas, and homeowners in- 
sisted upon immediate remedial measures. 

Under the supervision of the authors 
a bait consisting of 0.1 per cent of mala- 
thion and 10 per cent of blackstrap 
molasses in water was prepared and 15 
gallons sprinkled on top of this refuse. 
An attempt was made to cover it com- 
pletely. The initial treatment caused an 
estimated 75 per cent reduction in the 
adult-fly population within 24 hours. 
Daily treatments at rates of 12 to 15 
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gallons for a week reduced the adult 
population to a low level, and thereafter 
above 95 per cent control was maintained 
with 9 to 12 gallons per day. The results 
obtained in this area indicate that baits 
properly applied can be relied upon to 
provide control of house flies under ad- 
verse conditions. It is therefore believed 
that such baits will prove a useful ad- 
junct to sanitation and other measures 
usually employed in community fly-con- 
trol programs. 

SumMMARyY.—Laboratory and field tests 
were run to evaluate malathion, Diazinon 
(0,0-diethyl 0-2-isopropyl-6-methyl-4- 
pyrimidinyl thiophosphate), and Bayer 
L 13/59 as bait toxicants against adult 
house flies, Musca domestica L. In labora- 
tory studies against DDT-resistant flies 
Diazinon and L 13/59 were more toxic 
than malathion in an aqueous solution 
containing 10 per cent of molasses. L 
13/59 reduced the attractiveness of baits 
slightly and certain concentrations of 
malathion markedly reduced their ac- 
ceptibility. Liquid baits containing these 
two toxicants remained highly toxic 
after standing 14 days. 





Vol. 47, No. 9 


Practical tests were run in dairies by 
sprinkling the baits on the floors and 
other locations where flies congregated, 
Single applications of baits containing 
0.1 per cent of malathion, Diazinon, or 
L 13/59 and 10 per cent of attractant 
caused excellent immediate reductions of 
existing fly populations, but frequent re. 
treatments were necessary to maintain a 
high level of control. Concentrations of 
only 0.01 and 0.02 per cent of L 13/59 
were less effective initially than 0.1 per 
cent, but repeated treatments gave effec. 
tive control in 1 to 83 weeks. Baits con- 
taining 10 per cent of molasses or sugar 
appeared to be superior to those with 
only 3 per cent of these attractants or 
corn syrup. Standard baits consisting of 
0.05 or 0.1 per cent of TEPP in a 10 per 
cent molasses solution did not provide 
as good control as most of the baits con- 
taining malathion, Diazinon, or L 13/59, 

A bait containing 0.1 per cent of mala- 
thion and 10 per cent of molasses in water 
provided highly effective control of flies 
in a garbage-disposal area where sprays 
of lindane and other insecticides had 
proved ineffective. 
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Volume 47, No. 1, page 165, first line of article by 
Walter E. Fleming and Warren W. Maines should 


read as follows: 


“Chlordane at the rate of 10 pounds per” 
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Laboratory Tests for Control of Wireworms! 





Water M. Kutasn? and R. J. Monror? 


Numerous laboratory tests have been 
planned by the authors for the purpose of 
determining an effective method for 
controlling wireworms attacking corn. 
One of these methods, seed coating, has 
been described in an earlier paper (Kulash 
1953). The present paper is a description 
of some other methods and materials used, 
a summary of the results obtained, as well 
as a comparison of the efficiency of the 
different methods of control. 

Mernops AND MarerraAts.—Thirteen 
different materials‘ used in the laboratory 
tests described in this paper were as fol- 
lows: aldrin, chlordane, dieldrin, endrin, 
di (para-ethyl phenyl) dichloroethane, 
heptachlor, lindane, parathion, penta- 
chlornitrobenzene, potassium ethyl xan- 
thate, two nitroparaffin compounds, 2-ni- 
tro-1, 1-bis (p-chlorophenyl) butane, and 
2?-nitro-1, 1-bis (p-chlorophenyl) propane, 
and demeton. 

These materials were used in one or 
more of three different methods of appli- 
cation, i.e., as a seed coating, a soil treat- 
ment, or mixed with fertilizer. 

For coating seed, wettable powder con- 
centrates were used mixed with 5 per cent 
methylcellulose,> a water soluble sticker. 
An even distribution of the seed coating 
was obtained by vibrating the seed in a 
paint-reconditioning machine for 3.5 min- 
utes immediately after the mixture had 
been applied to the seed. Seed coating 
materials used are listed in table 1. 

Five treated seeds were planted at a 
depth of 2 inches in cans of sterilized peat 
muck soil collected in eastern North Caro- 
lina in an area where wireworms severely 
attack corn. Five full-grown wireworms 
collected from the same area were added 
to each can after planting. Five cans 7 
inches deep and 6 inches in diameter (No. 
10 size), were used for each material 
tested. 

_ The second method of laboratory test- 
ing consisted of treating the soil but not 
the seed. Four tests were conducted ac- 
cording to this method. In two tests, No. 
10 cans with five untreated corn seeds and 
five full-grown wireworms per can were 
used, each treatment replicated five times. 
Most of the toxicants used in these two 
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Table 1.—Summary of seed treatments for 
wireworm control in corn. 








GRAMS OF 
INSECTI- 
CIDE 
PER 450 Wire- Plants 
GraMs worms Dam- 
or Seep Killed' aged! 


Per CENT 





ForMULATION Usep 





25% aldrin 4.56 48 0 
25% aldrin 2.28 75 0 
25% aldrin 0.566 30 0 
25% dieldrin 4.56 52 0 
25% dieldrin 2.28 33 0 
25% dieldrin 0.566 46 0 
25% heptachlor 4.56 54 0 
25% heptachlor 2.28 37 0 
25% lindane 2.3 38 0 
75% lindane 0.614 52 0 
15% parathion 4.56 21 0 
50% chlordane 4.56 17 0 
50% DDT 4.56 0 26 
75% DDT 4.56 8 32 
50% 2-nitro-1,1-bis 

(p-chloropheny]) 

propane 4.56 8 68 
50% 2-nitro-1,1-bis 

(p-chlorophenyl) 

butane 4.56 0 72 
50% di (para-ethyl 

phenyl) dichloro- 

ethane 4.56 0 36 
20% pentachlor- 

nitrobenzene 4.56 0 60 
Inert clay 4.56 0 84 
Untreated 0 0 80 





1 Eight days after treatment and planting. 


tests were wettable powder concentrates 
diluted to the desired strength with inert 
tale. To make applications uniform, the 
desired amount of toxicant was applied as 
a finished dust at the rate of 10 grams per 
can of soil. Soil and insecticide were thor- 


1 Contribution from the Entomology Faculty, Division of 
Biological Sciences. Published with the approval of the Director 
as Paper No. 514 of the Journal Series. : 

2 Associate Entomologist, North Carolina Agricultural Ex- 
periment Station. J , 

3 Associate Professor, Institute of Statistics, North Carolina 
State College, now on leave as Chief, Operations Analysis 
Office, Air Force Missile Test Center, Patrick AFB, Florida. 

4 Acknowledgement is gratefully made for the numerous ma- 
terials supplied as follows: Aldrin, dieldrin and endrin by the 
J. Hyman & Co., Denver, Colo.; chlordane and heptachlor, by 
the Velsicol Corp., Chicago, Ill.; di (para-ethyl phenyl) di- 
chloroethane, by Rohm and Haas Co., Philadelphia, Pa.; 
lindane, by California Spray-Chemical Corp., Elizabeth, N. J.; 
parathion, by the American Cyanamid Co., New York; penta- 
chlornitrobenzene and potassium ethy! xanthate, by Mathieson 
Chemical Corp., Baltimore, Md.; the two nitroparaffin com- 
pounds, by Commercial Solvents Corp., New York, and de- 
meton by the Geary Chem. Co., New York. | ; : 

5 Prepared from Methocel, a 15 centipoise viscosity water- 
soluble cellulose ether supplied by the Dow Chemical Co.. 
Midland, Mich. 
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Table 2.—Results of soil treatment Test No. 1 
for wireworm control in corn 8 days after treat- 
ment and planting. 








Per CENT 
Per Cent PLants 





Pounps Wrire- Damacep 
ToxICANT WORMS BY WIRE- 
INSECTICIDE PERACRE’ KILLED WORMS 

Heptachlor 2 65 16 
Lindane 2 12 44 
Aldrin 1 12 52 
Parathion 10 10 68 
Parathion 5 0 72 
Chlordane 10 0 44 
Chlordane 5 0 72 
DDT 25 0 72 
Untreated 0 0 84 





Kill Criteria 
xs°=71, P=.001 
Omit check, x?7=15, P=.04 
Injury Criteria 
xs°=37, P=.001 
Omit check, x?=17, P= .02 
Omit check and heptachlor, x.?=11, P=.09 





oughly mixed by shaking in a small hand- 
operated mixing drum for 5 minutes. Ma- 
terials used in the first test by this method 
are listed in table 2. 

The second test in treated soil was not 
run at the same time as the first nor did it 
have an equal number of replications. The 
materials used were di(para-ethyl pheny]) 
dichloroethane, pentachlornitrobenzene, 
and potassium ethyl xanthate. The last- 
named material, on being mixed with 
acids is reported to release carbon disul- 
fide slowly. It was first premixed with 
superphosphate and sulfur before mixing 
with the soil. A summary of the results 
obtained in this test is presented in table 3. 

Two other tests with treated soil were 
conducted in 3-ounce pill boxes with one 
untreated oat seed and one full-grown wire- 
worm per box, each replicated 10 times. 
In these tests, (tests 3 and 4) liquid formu- 
lations of insecticides were used instead 
of dust formulations. Sterilized peat muck 
soil was spread over an area 12 inches 
square to a depth of 1 inch and then 
sprayed with 10 ml. of fluid containing 
the desired amount of toxicant, estimated 
to be equivalent to 50 gallons per acre. 
The soil was stirred during the spraying 
and immediately after in order to insure 
a more thorough wetting of the soil. The 
insecticides used in these two tests are 
listed in table 4. 
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In the third method of treatment, the 
insecticide was mixed with fertilizer and 
applied to the soil at the planting level of 
corn in No. 10 cans. Wettable powder 
concentrates were diluted with inert dust 
and mixed with a 6-8-6 fertilizer in the 
proportion of 1:1. The required amount of 
toxicant per can was contained in 2 grams 
of such a mixture. One gram of this insec- 
ticide-fertilizer mixture was applied to the 
surface of the soil and five seeds per can 
were then placed at the same level and 
covered with a 0.5 inch layer of untreated 
soil. Another gram of the insecticide-fer- 
tilizer mixture was applied at this level 
and covered with a 1-inch layer of un- 
treated soil. Five full-grown wireworms 
were then added to each can. Each treat- 
ment had 5 cans or replicates. The results 
obtained by this method of treatment are 
listed in table 5. 

After each test was set up, it was main- 
tained and observed in a standard man- 
ner. All cans and pill boxes were kept ina 
heated laboratory where the room tem- 
perature averaged 74° F. Each test was 
conducted separately. Treatments and 
replications within each individual test 
were completely randomized in their ar- 
rangement in the laboratory. Soil in the 
cans was watered when necessary in order 
to avoid excessive drying. 

Wireworms used in all laboratory tests 
were collected in muck soil in eastern 
North Carolina a few days before each 
test. All tests were conducted with a single 


Table 3.—Summary of soil treatment Test No. 
2 for wireworm control in corn 8 days after plant- 
ing and treatment. 











Per Cent 
Per Cent or PLants 
Kitt or Damacep 
Pounps Wire- By Wire- 
MATERIAL PER ACRE WORMS WORMS 
Di (para-ethyl phenyl) 50 0 40 
dichloroethane 
Pentachlornitrobenzene 20 0 80 
40 0 0 
100 0 80 
Potassium ethyl xanthate 500 
plus superphosphate 500 60 0 
Potassium ethyl! xanthate 500 
plus superphosphate 1000 10 0 
Potassium ethyl xanthate 500 
plus superphosphate 500 40 0 
plus sulphur 250 
Potassium ethy! xanthate 500 
plus superphosphate 1000 60 0 
plus sulfur 250 
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Tabie 4.—Summary of soil treatment tests 3 and 4 for wireworm control in oats 8 days after 











Co —— 




















Pounpbs Per Cent Wireworms KILLED Per Cent Puants INJuRED 
TOXICANT a 

TREATMENT PER ACRE Test 3 Test 4 Average Test 3 Test 4 Average 
Heptachlor 2 100 100 100 0 0 0 
Lindane 2 100 100 100 0 0 0 
Dieldrin 2 75 89 82 10 20 15 
Aldrin 2 100 70 82 0 40 20 
Chlordane + 56 33 44 10 50 30 
Endrin 2 14 0 7 50 90 70 
Demeton 0.25 20 33 26 60 100 80 
Untreated 0 10 10 10 70 100 85 

x7 =38.1 45 .2 79.8 33.1 50.4 75.2 

P=<.001 < .001 <.001 <.001 < .001 <.001 





species of wireworm, Melanotus communis 
(Gyll.), which has been very destructive 
to corn in eastern North Carolina. 
Resutts.—The efficacy of the different 
methods of control was based on two cri- 
Table 5.—Summary of tests with insecticide- 


fertilizer mixtures for wireworm control in corn 
8 days after treatment and planting. 











Per CENT 
PLANTS 
Pounps PerCent DAMAGED 
Insecti- ‘ToxrcAnt WrrREWoRMS'- BY WIRE- 
CIDE PER ACRE KILLED WORMS 
Heptachlor 1 28 32 
Q 84 0 
5 76 0 
x2? = 21.0, x2? = 17.8, 
P= .001 P=.001 
Aldrin 1 63 12 
2 52 24 
4 54 28 
x2=0.57,  x:?=2.10, 
P=.78 P= .34 
Parathion 5 52 20 
10 28 32 
20 68 16 
x2?=8.16, x2=1.95, 
P= .016 P= .37 
Lindane Q 25 8 
+ 64 28 
x’?=7.54, x?2=3.38, 
P= .006 P= .07 
Dieldrin 1 16 12 
; Q 26 20 
4 33 60 
x2?= 1.97, x?=15.5, 
P= .36 P=.001 
Chlordane 5 21 44 
10 12 16 
xr?= Sl, x’ =4.67, 
P= .38 P= .03 
DDT 25 0 48 
Check 0 4 68 
x’?=1.00, x2=2.06, 
P= ,35 P= .11 





teria—(1) injury to plants by wireworms 
and (2) kill of wireworms. Daily post- 
treatment examinations were made of 
each treatment to observe any wireworm 
activity on the soil surface. Condition of 
the plant foliage was noted at the same 
time. A final observation of each can at 
8 or 9 days after planting included exam- 
ination of the soil, roots, stems, and wire- 
worms. Plants were about 6 to 8 inches 
high at the final examination. 

Wireworms were noticed on the soil 
surface of a few cans in the daily post- 
treatment observations. In general, only 
a few wireworms came to the soil surface 
and died. Daily measurements of height 
of corn as well as of its general condition 
showed no effects that could be ascribed 
to the action of the insecticides. At the 
final count, each can was emptied and the 
condition of the wireworms was recorded. 
In addition, a careful examination was 
made of the roots and stems of the plants 
to determine the nature and amount of 
wireworm damage or injury possibly 
caused by the insecticide. 

The results of the seed coating trials 
with 20 different treatments are summa- 
rized in table 1. From the standpoint of 
wireworm injury to plants little protec- 
tion to corn was afforded by the following 
materials: DDT, di (para-ethyl phenyl) 
dichloroethane, 2-nitro-1 1-bis (p-chloro- 
phenyl) butane, 2-nitro-1, 1-bis (p-chloro- 
phenyl) propane, and _pentachlornitro- 
benzene. All the other materials gave good 
protection. An analysis of the kill data 
shows about the same thing. DDT and 
the other compounds mentioned above 
produced low percentages of kill, whereas 





344 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 47, No. 2 


Table 6.—Comparisons of the most effective methods of treatment with insecticides for contro! of 


wireworms in the laboratory. 








Per Cent Wireworms KILLED By 
Metnuop or TREATMENT 





Soil-Treatment | 
Seed- |— ——— Insecticide- 
Coating | WithCorn With Oats | Fertilizer 


MATERIAL | 


Per Cent Wireworm DaMmaGe TO PLANts 
BY Meruop or TREATMENT 


Soil-Treatment 
With Corn | With Oats 





Insecticide 
Fertilizer 


Seed- 





AveErR- 
AGE 





12 
12 
ae 
0 
0 
0 
18 


Heptachlor | 

Lindane 

Aldrin 

Dieldrin 
Chlordane | 
DDT | 


Check 


16 0 


Coating 
44 0 
52 20 


Er at 
| . 


85 
13 








s Average per cent damage by methods (excluding check) 
the remaining compounds had kills rang- 
ing from 17 to 75 per cent. 

Larger dosages of the same insecticide 
as a seed coating did not produce a cor- 
respondingly greater kill of wireworms. 
Aldrin 25 per cent, at 2.28 grams per 450 
grams of seed, produced a much higher 
kill of wireworms, 75 per cent, than it did 
at a dosage of 4.56 grams, with a kill of 
48 per cent. A similar condition was noted 
in the case of 25 per cent dieldrin, which 
at 0.566 grams per 450 grams of seed pro- 
duced a kill of 46 per cent, whereas at 
2.28 grams, it killed only 33 per cent. 

Chlordane and parathion, although 
they produced a relatively low kill of 17 
and 21 per cent, respectively, nevertheless 
afforded good protection to the seed at the 
dosages used. 

In the first treated-soil test with corn, 
heptachlor was the only material to show 
any great effect as far as kill was con- 
cerned. All other materials were slightly 
better or about the same as the untreated 
check (Table 2). The injury criterion 
showed some differences among the 
treatments in this test. Heptachlor gave 
the best protection with only 16 per cent 
of the plants damaged by wireworms while 
the untreated check had 84 per cent of the 
plants damaged. Chlordane at 10 pounds 
per acre and lindane at 4 pounds per acre 
had less damage than the other com- 
pounds. However, if either lindane or 
chlordane is omitted from consideration, 
the evidence to support the effectiveness 
of the other is not so conclusive. (See table 
2, x2=11, P=.09).$ 

Corn planted in treated soil developed 
in a normal manner. There was no evi- 
dence in the daily observations to indicate 
any adverse effect of treatments on ger- 
mination and subsequent growth. The final 
examination showed no recognizable ad- 


verse effects of the insecticides on roots or 
stems. 

In the second soil-treatment test, sum- 
marized in table 3, no kill was obtained 
with di (para-ethyi phenyl)dichloroethane 
and pentachlornitrobenzene. Kills with 
potassium ethyl xanthate ranged from 10 
to 60 per cent and none of the plants were 
damaged by wireworms. Slight yellowing 
of the foliage in these treatments was as- 
cribed to the action of the potassium ethy| 
xanthate. 

The third and fourth soil-treatment 
tests, planted to oats, are summarized in 
table 4. These tests were conducted 2 
weeks apart. Analysis of data for the two 
tests shows treatment differences for both 
criteria, that is, of kill of wireworms and 
of plant injury. Combining the data for 
both tests provided a more powerful sta- 
tistic which clearly showed a grouping of 
the data into three sets as follows: (1) 
Most effective for protection against wire- 
worms and kill of wireworms—hepta- 
chlor and lindane; (2) some protection and 
fair kill—aldrin, chlordane, and dieldrin; 
and (3) little protection and little kill— 
endrin, demeton and untreated check. 
These results are consistent for both tests 
as shown by the interaction x? obtained 
by taking the difference between the total 
x? and the same x? for the individual tests 
as follows: 

Interaction x7? 
Kill=38.1+45.2—79.8=3.5, P=.83 
Injury =33.14+50.4—75.2=8.3, P=.35 


No injury to seed or seedling was noted 
in any of the treatments at the daily and 
final examinations. 


6 The convention here is that the subscript on the x? indi- 
cates the number of degrees of freedom associated with that 
particular value and is, in general, one less than the number of 
compounds compared. 
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In the third laboratory method of test- 
ing, 17 different insecticide-fertilizer mix- 
tures were used, as summarized in table 5. 

Large differences in plant injury and 
kill of wireworms occurred between ma- 
terials. Furthermore, the same materials, 
when tried at different rates, did not show 
the same effects. For example, the low 
rate of heptachlor was not nearly as ef- 
fective as the two higher rates, but aldrin 
appeared equally effective at all rates. 
Any average comparison of heptachlor 
and aldrin would have to take this fact 
into consideration because heptachlor at 
2 or 4 pounds per acre gave a much greater 
kill than did aldrin at any rate, yet the 
average kill for all rates was 63 per cent 
for heptachlor and 56 per cent for aldrin 
—not a marked difference. 

The highest percentage of kill, 84, was 
obtained with heptachlor at 2 pounds per 
acre. DDT, at 25 pounds per acre, pro- 
duced no kill of wireworms after 8 days. 
A kill of 4 per cent was recorded in the un- 
treated check and was ascribed to natural 
mortality. 

Besides heptachlor and aldrin, two 
other ‘compounds—parathion at 20 
pounds per acre and lindane at 4 pounds 
per acre—produced a relatively high kill 
of wireworms. Relatively low kills were 
obtained with dieldrin at 4 pounds per 
acre, and with chlordane at 10 pounds per 
acre. 

The higher dosages of most materials 
afforded fair protection against wireworm 
attack except dieldrin, chlordane and 
DDT which had 44 or more per cent of 
plants damaged by wireworms. In the un- 
treated check, the percentage of wire- 
worm damaged plants was 68. 

Discussion.—The best treatments, 
based on per cent of kill, of all control 
methods have been summarized in table 
6. Average per cent kill by material was 
generally inversely proportional to the 
number of plants injured, that is, the 
greater the kill of wireworms, the fewer 
plants damaged. For example, heptachlor 
had an average kill for all methods of 
treatment of 76 per cent and only 4 per 
cent of plants were damaged whereas 
DDT had a kill of 3 per cent and 51 per 
cent of plants were damaged. 

Based on average per cent kill by ma- 
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terials, heptachlor, aldrin, lindane, and 
dieldrin appeared to be the only effective 
materials. On the basis of plant damage, 
heptachlor scored the best with an average 
of 4 per cent and the next best material 
was lindane with an average of 18 per cent. 

Average per cent kill based on method 
of treatment was 18 per cent with corn 
and 72 per cent with oats in treated soil. 
It should be remembered that with corn 
No. 10 tins were used with five wireworms 
and five seeds per can whereas with oats 
a 3-ounce pill box with one wireworm 
and one seed per box was used. These dif- 
ferences may account for the variation in 
average kills obtained rather than the 
insecticides used. Average per cent kill for 
the seed-treatment control method was 
equal to that for the insecticide-fertilizer 
method. 

On the basis of the plant injury cri- 
terion, the lowest average percentage was 
recorded in the seed-treatment method 
with corn. 

The performance of these materials in 
the different control methods used in the 
laboratory does not necessarily indicate 
their performance under field conditions. 
A previous report on seed coating (Kulash 
1953) has stated the limitation of the seed 
coating method under field conditions. 

SumMary.—Laboratory methods for 
control of wireworms, Melanotus com- 
munis (Gyll.), attacking corn were con- 
ducted with seed coatings, soil treatment, 
and insecticide-fertilizer mixtures. Thir- 
teen different materials were used in sev- 
eral formulations. Most of the tests were 
conducted in gallon-size tin cans with 5 
wireworms, 5 seeds, and 5 replicates. 
Efficacy of methods and materials was 
based on percentage of wireworms killed 
and plants damaged by wireworms. 

The greatest kills were obtained with 
heptachlor, aldrin, lindane, and dieldrin. 
Heptachlor gave the best protection 
against wireworm damage. The largest 
dosage of insecticide did not necessarily 
produce the greatest kill of wireworms as 
was noted in seed-coating with aldrin and 
dieldrin and in the insecticide-fertilizer 
treatment with heptachlor. The insecti- 
cide-fertilizer and seed-coating methods 
resulted in fair kill and a good amount of 
protection against wireworm damage. 
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Insecticide Tests for Tobacco Flea Beetle Control 
C. B. Dominick, Field Station, Virginia Agricultural Experiment Station, Chatham 


The tobacco flea beetle, Epitriz hirti- 
pennis (Melsh.), is an important insect 
pest affecting the production of flue- 
cured tobaccos. In Virginia during the 
1953 transplanting season heavy flea 
beetle infestations resulted in severe 
foliage injury and root damage. This con- 
dition no doubt was a contributing factor 
to many incomplete stands and to tobacco 
plants which failed to make proper growth 
for several weeks after transplanting. 

This paper is a report on tests con- 
ducted with organic insecticides at the 
Tobacco Research Station, Chatham, Vir- 
ginia, for the control of the tobacco flea 
beetle in plantbeds, on newly set plants, 
and on field tobacco. With the exception 
of the tests with insecticide dusts on field 
tobacco, all experiments were conducted 
during the 1953 season. 

Tosacco PLANTBEDs.—In the plantbed 
tests, a complete randomized-block design 
was used, the tobacco plantbeds being 
arranged singly at two locations. Each 
plot was 3 yards in length and 2 yards 
wide and was replicated twice at each 
location. 

The sprays were applied at the rate of 
3 gallons for the first and 6 gallons for 
the second application per 100 square 
yards of plantbed area with single nozzle 
sprayers. The dusts were applied at the 
rate of 0.5 pound for the first and 1 pound 
for the second application with hand dust- 
ers. Treatments were made on April 17 


Table 1.—Control of the tobacco flea beetle in 
plantbeds with organic insecticides. 








FLEA 
BEETLES 
Five Net 

SWEEPS 


Per Cent 
UNINJURED 


INSECTICIDE PLANTS 





Sprays! 
DDT, 75% w.p. 49 13 
Endrin, 18.5% e.c. 11 
Dieldrin, 25% w.p. 8 
Dusts: 
CS-708, 5% 13 
DDT, 5% 10 
Isodrin, 2% 13 
Dieldrin, 1% 10 
Check 56 





1 Rates per 100 gallons used were: DDT, 1.5 pounds; endrin, 
1 quart; and dieldrin, 1.5 pounds. 


(plants 2 to 4 leaf stage) and again op 
May 7 immediately after removing the 
plantbed covers for hardening the plants, 

The final results were determined on 
May 13, 6 days following the second appli- 
cation, by drawing 100 plants at random 
from each plot and examining for evidence 
of flea beetle punctures. Plants showing 
one or more punctures resulting from flea 
beetle feeding were scored as injured. The 
flea beetle population in each plot was 
sampled by sweeping the plants with a 
net. No rain fell and no artificial irrigation 
was applied between the date of the last 
application and the date the counts were 
made. 

The insecticides used and the results 
obtained are summarized in table 1. There 
was little evident difference in the per- 
formance of the various treatments; how- 
ever, the check plots showed moderate to 
severe injury. Two of the check plots 
showed a reduction in plant stand of ap- 
proximately 50 per cent. Among the spray 
treatments, the results with DDT showed 
a slightly higher percentage of uninjured 
plants. Among the dust treatments, 5 per 
cent CS-708 gave the highest percentage 
of uninjured plants. There was little dif- 
ference in the flea beetle population 
sampled from the various treatments. 

Newty Ser Tosacco.—A _pretreat- 
ment in the tobacco plantbed with DDT 
dust, or a spray containing DDT has 
been recommended and generally used by 
tobacco growers in the control of the to- 
bacco flea beetle on newly set plants for 
several years. The purpose of the follow- 
ing experiment was to compare DDT with 
other organic insecticides, the materials 
being applied as a pretreatment. The 
sprays were applied at the rate of 6 gallons 
and the dusts at 1.5 pounds per 100 square 
yards of plantbed area. Tobacco plants 
treated in this manner were set in 1/56- 
acre plots and each treatment was repli- 
cated four times in a randomized-block 
design. The results were determined by 
making a count of the live flea beetles on 
10 plants selected at random from the two 
center rows of each plot, 5, 10 and 14 
days following transplanting to the field. 
The most injured leaf on each of 10 plants 
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newly set tobacco. 


Table 2.—Pretreatment tests with organic insecticides for the control of the tobacco flea beetle on 


Dominick: Tospacco FLEA BEETLE ConTROL 347 








Days Arter TRANSPLANTING 











5 10 14 15 
Av. No. PerCent Ave. No. PerCent Ave. No. PerCent Ave. No. 
Beetles Reduc- Beetles Reduc- Beetles Reduc- Leaf 
‘TREATMENT per Plant tion per Plant tion per Plant tion Punctures 
Sprays:' 
Dieldrin, 25% w.p. 1.0 84.4 0.7 93 0.6 92.5 30 
DDT, 75% w.p. 0.8 87.5 3.6 64 1.0 87.5 54 
Dusts: 
DDT, 5% 0.6 90.6 1.6 84 0.4 95.0 34 
Isodrin, 2% 0.7 89.1 2.0 80 0.9 88.8 28 
Dieldrin, 1% 0.7 89.1 3.3 67 0.9 88.8 33 
CS-708, 5% | 82.8 3.7 63 1.2 85.0 40 
Check 6.4 — 10.0 _ 8.0 —s 186 





1 Rates per 100 gallons used were: dieldrin, 1.5 pounds; and DDT, 1.5 pounds. 


from each plot was selected and the aver- 
age number of feeding punctures com- 
puted. 

The materials used and the results ob- 
tained are presented in table 2. These 
data indicate that dieldrin was superior to 
DDT over the 14-day period. Leaf punc- 
ture counts on the most injured leaf 
showed an average of 30 for dieldrin 
compared to 54 for DDT. The flea beetle 
count 10 days after transplanting indi- 
cates a build-up on the DDT-treated 
plants, while a slight reduction was re- 
vealed on the dieldrin-treated plants. 
Among the dusts, DDT gave a slightly 
higher reduction in flea beetles over the 
14-day period, whereas, except for CS-708, 
little difference was revealed in the leaf- 
puncture counts. In the tests, 5 per cent 
CS-708 was the least effective; however, 


all treatments were highly effective when 
compared with the checks. 

Tests with Systemics.—Ashdown & 
Cordner (1952) reported that eggplants 
grown in soil into which demeton had been 
incorporated prior to transplanting were 
protected from both flea beetles and lace 
bugs. In the following experiment, pre- 
liminary tests were conducted with two 
systemic insecticides, demeton and G- 
23611,! used in the tobacco transplant 
water at different dilutions. The diluted 
insecticides were used in place of the trans- 
plant water commonly used for tobacco. 
A measured 65 ml. per plant was used 
and the check plants received the same 
amount of water. The plants were set in 
one-row randomized plots, 55 plants per 


1 ]-isopropyl-3 methyl-pyrazolyl-(5)-dimethylcarbamate. 


Table 3.—Control of the tobacco flea beetle on newly set tobacco with systemic insecticides applied 


as transplant water. 








Days Arter TRANSPLANTING 





10 14 15 








5 
Ave. No. PerCent Ave. No. PerCent Ave. No. PerCent Ave. No. 
TREAT- Beetles Reduc- Beetles Reduc- Beetles Reduc- Leaf 

MENT Ditution per Plant tion per Plant tion per Plant tion Punctures 

Demeton! 1-1600 1.8 70.0 0.4 96 0.6 92.5 30 

1-—2400 3.4 43.3 0.5 95 0.8 90.0 45 

1-3200 2.8 53.3 0.9 91 1.4 82.5 46 

1-6400 $.2 46.7 0.7 93 1.5 81.3 61 

1—12800 4.2 30.0 0.9 91 2.3 71.3 72 

G-236112 1-1600 0.6 90.0 0.3 97 0.5 93.8 46 

1-3200 re | 71.6 0.3 97 0.7 91.3 38 

Check ~_ 6.0 — 10.0 — 8.0 — 150 





' 4 pounds per gallon, 
225 per cent. 
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Table 4.—Tests with insecticide dusts for the 
control of the tobacco flea beetle on field tobacco. 




















PReTREAT- Per Cent 
MENT Repvuction 
BretLe 
Pounps Count Days After 
AcTIVE AVE. Treatment 
INGREDIENT PER 
INSECTICIDE PER ACRE PLANT 1 4 8 

DDT, 5% 1 a7 99.2 93.3 89.3 
CS-708, 5% 1 21 99.5 89.5 84.3 
Isodrin, 2% 0.4 23 99.1 85.6 88.7 
TDE, 10% 2 20 97.0 79.5 72.0 





row, and two replications were used. Flea 
beetle and leaf-puncture counts were 
made following transplanting as indicated 
in table 3. 

The dilutions used and the results ob- 
tained are presented in table 3. These data 
indicate that both materials at all dilu- 
tions caused a substantial reduction in the 
flea beetle population when compared 
with the check plots. There was also a 
substantial reduction in the amount of 
leaf injury. The greatest per cent reduc- 
tion in flea beetles per plant for all dilu- 
tions occurred in the count made 10 days 
following transplanting. This differed 
from the foliage-applied insecticides in 
that the greatest reduction occurred on 
the first count, 5 days following trans- 
planting. In a count made 30 days after 
transplanting the plots showed flea beetle 
populations similar to that of the checks, 
approximately 10 beetles per plant. 
Demeton at the first three dilutions 
caused stunting when compared with the 
latter two dilutions; however, their rate 
of growth was equal to, or better than the 
checks. Demeton at the dilutions of 1- 
6400 and 1—12,800 showed no phytotoxic 
symptoms and the treated plants were 
well advanced in growth over the checks. 
G-23611 gave a highly substantial reduc- 
tion in the flea beetle population and 
showed fewer beetles on the initial count 
than demeton. No phytotoxic symptoms 
were noted when this material was used 
and the plants were further advanced in 
growth than the checks. 

ControL or Fre~tp Tosacco.—The 
tobacco flea beetle is frequently a major 
problem on field tobacco. Flea beetle and 
hornworm infestations often coincide; 
thus emphasis has been placed recently 
on the finding of a satisfactory insecticide 
that would effectively control both insects 
with the same application. During the 
late growing season of 1952, an experi- 
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ment was conducted with several insecti- 
cides used in the dust form. The plots 
were 1/40-acre in size, randomized and 
replicated three times. The dusts were 
applied with rotary hand dusters at ap- 
proximately 20 pounds per acre. The re- 
sults were determined by making a pre- 
treatment count of the flea beetles on 10 
random plants from the two center rows 
of each plot and at intervals as indicated 
in table 4. 

The materials used and the results 
obtained are presented in table 4. These 
data indicate that a highly effective initial 
reduction occurred for all treatments, 
However, a gradual build-up was re- 
vealed in counts made on the fourth and 
eighth day following treatment. DDT and 
isodrin gave the longer residual control. 
The greatest build-up of flea beetles oc- 
curred in plots treated with TDE, 10 per 
cent. 

Allen e¢ al. (1953) reported that an 
endrin emulsion as a high-volume spray 
killed a high percentage of tobacco horn- 
worm larvae and was quicker in lethal 
action than TDE, the insecticide cur- 
rently recommended for hornworm con- 
trol on tobacco. In the following experi- 
ment, endrin and TDE were tested as 
low-volume sprays for the control of the 
tobacco flea beetle. The plot size and the 
procedure were essentially the same as de- 
scribed for the first experiment. The 
sprayer was equipped with Tee-jet nozzles 
and the output was approximately 11 
gallons per acre. 

The results are summarized in table 5. 
In the tests, endrin at comparatively 
lower dosages gave a much quicker reduc- 
tion and was more effective than TDE. 
Only a slight build-up was revealed in the 
counts made 8 days after the treatment. 
TDE was much slower in action and 


Table 5.—Tests with endrin and TDE emulsi- 
fiable concentrates for the control of the tobacco 
flea beetle on field tobacco. 





—— 





PRETREAT- 


Pounps MENT Per Cent Repvuction 











AcTIVE Beets  ———___- 

INGREDI- Count Days After Treatment 

INSECTI- ENTPER AVE, PER ——————— —— 
CIDE AcRE PLANT 1 3 5 8 
Endrin 0.1 41 97.6 97.0 95.6 93.4 
0.2 44 99.5 99.8 99.3 97.7 

0.4 28 99.8 100.0 99.3 97.1 

TDE 0.5 37 27.0 40.5 64.8 64.8 
1.0 31 $2.3 58.1 70.9 64.4 

1.5 27 59.3 78.5 81.5 70.4 
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failed to give effective control even at the 
dosage of 1.5 pounds per acre. 

SuMMARY.—The tobacco flea beetle, 
Epiirix hirtipennis (Melsh.), is an impor- 
tant pest of flue-cured tobaccos. Since it 
is a problem on all stages in the growth of 
the plant, the insect is often responsible 
for heavy losses. 

Experiments with insecticides for the 
control of the tobacco flea beetle were 
conducted in plantbeds, on newly set 
tobacco, and field tobacco. In plantbeds, 
DDT, dieldrin, isodrin, endrin and CS-708 
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all gave satisfactory control. On newly set 
tobacco, dieldrin as a spray and DDT 5 
per cent dust gave the longer residual 
control. Preliminary tests with two sys- 
temic insecticides used in the tobacco 
transplant water showed potential possi- 
bilities. On field tobacco 5 per cent DDT 
and 2 per cent isodrin dusts gave the 
longer residual protection for the dust 
treatments. In low-volume spray tests, 
endrin at low dosages gave a rapid reduc- 
tion in the flea beetle population and was 
more effective than TDE. 
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Japanese Beetle Damage to Corn as 
Influenced by Silking Date 


A. M. Woopsipg, Field Laboratory, Virginia Agricultural Experiment Station, Staunton 


Although the larvae of the Japanese 
beetle may cause damage to the roots of 
corn and the adults feed to some extent 
on the leaves and tassels, by far the most 
serious damage to corn by this insect is 
that which results from the feeding of the 
adults on the silks and ear tips. The silk 
cutting may be severe enough to prevent 
completely the pollination of many ears 
and to interfere more or less seriously with 
the pollination of most of the others, es- 
pecially near the edges of the fields. Lang- 
ford et al. (1944) reported reductions of 
40 per cent in corn yields in Maryland as 
a result of the silk cutting done by the 
Japanese beetle. In recent years in the 
heavily infested area of northern Virginia 
fields have been observed in which losses 
from this cause were 30 per cent or greater. 
In addition to the loss caused by poor pol- 
lination, the feeding of the beetles on the 
ear tips may expose the grain to infection 
by rot organisms and to damage by birds. 

A study of the damage to corn caused 
by the silk cutting of the Japanese 
heetle was started in Virginia in 1951. 
During the seasons of 1951, 1952, and 





1953 observations of damage were made 
in corn fields. In 1952 and 1953 experi- 
mental plantings of corn were made at 
different dates in order to get more de- 
tailed information on the damage from 
silk cutting in relation to the silking dates. 

Metuops.—In 1951 the date of plant- 
ing and the hybrid grown in each field ex- 
amined were ascertained because of the 
possible bearing of these factors on the 
amount of damage from silk cutting. 
Dates of silking were not recorded. In 
1952 and 1953 semi-weekly observations 
were made in each field during the period 
of high Japanese beetle infestation to de- 
termine the time that the corn reached 
the stage of full silk. Notes were also made 
on the amount of feeding being done by 
beetles at each visit. 

After the corn was completely pollin- 
ated, or the possibility of further pollina- 
tion was past, examinations were made 
in each field to determine the degree of 
damage from silk cutting. Ears were ex- 
amined on the outside row of each field 
and at 5-row intervals from the border 
toward the center of the field to determine 
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Table 1.—Japanese beetle damage to corn at 
various distances from the edges of the fields, 
Northern Virginia, 1951-53. 














Row Per Cent DAMAGE TO Ears BY 
FROM S1LK CuTTING 
EDGE OF 
FIe_p 1951 1952 1953 
Ist Average Tt 2.5 3.8 
Maximum 30 25 60 
6th Average 3.9 1.18 ey 
Maximum _ 1 13 32 
lith Average 2.5 0.6 0.8 
Maximum 16 9 14 
16th Average — 0.3 0.5 
Maximum —- 6 10 
21st Average 1.6 0.2 0.2 
Maximum 11 4 5 
26th Average - O12 6§6<<0.1 
Maximum ~- 5 2 
31st Average — O2-.. <O1 
Maxinun — 4 1 
41st Average 0.7 — 
Maximum 5 -- -— 
General Average 2.9 0.7 0.7 
Average Maximum 16.6 8.4 24.2 





the amount of damage at each place. 
The experimental plantings made in 
1952 and 1953 consisted of six hybrids 
planted at three different dates. Each plot 
contained four rows of 10 hills each. The 
plantings were replicated six times. The 
entire experimental planting was placed 
along the border of the field so that the 
exposure of the plots to attack by the Jap- 
anese beetle might be even. 
Resvutts.—Drought injury was so se- 
vere in the experimental plantings in 1952 
and 1953 that no detailed information was 
obtained from these experiments. Drought 
injury may result in many unfilled or 
partly filled ears similar to the damage 
caused by silk cutting. It is difficult or im- 
possible, under these conditions, to dis- 
tinguish satisfactorily the ears damaged 
by drought from those damaged by silk 
cutting. The drought injury was so severe 
that much of the corn on the experimental 
plots produced only nubbins. It was noted 
in 1952, however, that the corn which 
reached the full-silk stage during the last 
10 days of July was more severely dam- 
aged by silk cutting than that which 
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reached this stage after the first of August. 
In 1953 the corn which silked before July 
23 was less severely damaged than that 
which reached this stage during the last 
week in July. The corn which silked after 
August 1 in 1953 was very severely dam- 
aged by drought, and the damage from 
silk cutting could not be estimated. 

Three seasons of field examinations 
confirmed the common observation that 
damage from silk cutting by the Japanese 
beetle is usually much heavier along the 
edges of the fields than in the interiors, 
table 1. This damage was found to de- 
crease at the rate of 33 to 50 per cent for 
each 5 rows’ distance from the edge of the 
field. In most fields this equals 16.5 to 18.5 
feet. When the infestation and damage 
are generally light, as was the case in 1952 
and 1953, these areas of relatively greater 
damage provide a better basis for compar- 
ison among fields than the lighter average 
damage. 

Exceptions to this rule were occasion- 
ally found, usually where a large quantity 
of a favorite weed host of the Japanese 
beetle had been allowed to grow in a corn 
field. Under these conditions the beetles 
had been attracted into the fields in large 
numbers by the weeds, and were thus pres- 
ent to attack the silks all over the field as 
soon as they appeared, instead of spread- 
ing slowly from the edges inward, as is usu- 
al. Coon (1946) has shown that only a 
few hours is required for pollination to be 
completed after pollen falls on the silks. 
Thus a few days’ delay in attack by the 
beetles may be of great importance. When 
the attack progresses slowly from the 


Table 2.—Japanese beetle damage to com 
planted at different dates, Northern Virginia, 
1951. 








Per Cent DamaceE T0 
Ears By Sitk Cutting 
on Desicnatep Row 











Nvum- FROM EpGE oF Fietp 
PLANTING BER OF 
Dates Frevps Ist 40th Average 
May 3 9 Average 1.4 0.1 0.5 
Maximum 7 2.5 1.8 
May 7-10 9 Average 5.38 0.1 2.0 
Maximum 18 1 6.5 
May 12-15 12 Average £41 RR 5.1 
Maximum 21 5 15 
May 18 6 Average 9.7 0.3 4.6 
Maximum 25 1 13 
May 23-26 9 Average 10.2 0.9 4.8 
Maximum 30 5 16 
June 3-10 4 Maximum 0 0 0 
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edges of the field many ears will be pollin- 
ated before they are attacked. 

In 1951 in a Fauquier County corn field 
a loss of 50 to 60 per cent in yield as a re- 
sult of silk cutting was observed. There 
was 2 heavy growth of smartweed in the 
field, and these weeds were heavily in- 
fested by Japanese beetles before the silks 
appeared. Damage was more severe at 
some points within the field than along 
the edges, which is unusual. In each in- 
stance where severe damage from silk cut- 
ting has been observed at a considerable 
distance from the edge of a field, weed 
hosts of the Japanese beetle were common 
within the field. 

The results of the 1951 observations are 
shown in table 2. The silking dates were 
not obtained for many of these fields, but 
most of those planted May 3 had reached 
the full-silk stage before July 20. About 
half of the fields planted July 7 to 10 had 
also silked before July 20. Many of the 
fields planted May 12 to 18 reached full 
silk during the last week of July. The in- 
festation of beetles was at its height dur- 
ing this period, and severe damage from 
silk cutting resulted. The fields planted in 
June did not come into silk until after 
August 1, and they escaped damage be- 
cause the beetle population had dropped 
greatly by that time. 

The results of the 1952 observations are 
shown in table 3, and those of 1953 in 
table 4. The infestation of Japanese bee- 
tles was generally lower both seasons than 
in 1951. Most corn fields were injured only 
moderately, if at all. Several fields which 
reached the full-silk stage during the last 


Table 3.—Japanese beetle damage to corn 
silking at different dates, Northern Virginia, 
1952. 








Per Cent DaMaGE TO 
Ears sy Sitk Cutting 
ON DESIGNATED ROW 











Num- FROM EpGE oF FIELp 
Date OF BER OF 
Smxinc- = Freips Ist 30th Average 
Before 
July 23 16 Average 1b...2@ 0.3 
Maximum 3 0 1 
July 24-28 18 Average 6.7 0.2 1.9 
Maximum 25 4 8.4 
July 29- 8 Average 4.7 0 1.3 
Aug. 1 Maximum 15 0 5 
Aug. 2-4 7 Average 1.9 0 0.4 
Maximum 5 0 1 
After 
Aug. 4 18 Average 0.06 0 0.008 
Maximum 0 0.01 
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Table 4.—Japanese beetle damage to corn 
silkin _ g at different dates, Northern Virginia, 
1953. 








Per Cent Damace To 
Ears BY SILK CurtTine 
on Desicnatep Row 








Num- FROM EpGE oF FIELp 
DaTE OF ‘BER OF 
Smxinc-- Freips Ist 30th Average 
Before 
July 14 10 Maximum 0 0 0 
July 15-20 17 Average 0.3 0 0.05 
Maximum 4 0 0.7 
July 21-24 19 Average 7.4 0 2.0 
Maximum 30 0 11.2 
July 25-28 8 Average 17.1 0 4.9 
Maximum 60 0 24.2 
July 29- 5 Average 2.8 0 0.6 
Aug. 1 Maximum 6 0 1.3 
Aug. 2-12 7 Maximum 0 0 0 





week of July, however, were severely dam- 
aged, while the corn which silked earlier 
or later generally escaped severe damage. 

Discussion.—The information ob- 
tained in 3 years of observations on dam- 
age from silk cutting by the Japanese 
beetle indicates that most of the damage 
can be avoided if corn reaches the silking 
stage before the period of high beetle in- 
festation, or after most of the beetles have 
disappeared. During these seasons no se- 
vere injury was observed in corn fields 
which reached the silking stage before 
July 20 or after August 1. 

The presence of preferred hosts of the 
Japanese beetle in edges of woods or fence 
rows adjacent to corn fields may result 
in more severe damage to the corn if it is 
silking when the beetles are abundant. 
The presence of such hosts will not result 
in severe injury, however, if the corn is 
already pollinated when the high infesta- 
tion occurs, or if it does not silk until after 
most of the beetles have disappeared. The 
presence within a field of a heavy stand 
of a favorite weed host of the Japanese 
beetle may result in more severe damage, 
and may also result in the extension of the 
area of severe damage farther into the 
field, instead of its being confined to the 
borders, which is the usual condition. 

During the years since the Japanese 
beetle became common in northern Vir- 
ginia, the peak of abundance of adults has 
always occurred between July 23 and 
July 27, except in 1950, when it was about 
two weeks later. The period of maximum 
infestation has been constant enough to 
justify the recommendation that corn be 
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planted at such dates that it will not reach 
7 silking stage during the last 10 days of 
July. 

Recommendations are not made for ac- 
tual planting dates, but agronomists 
should be able to suggest such dates for 
many of the hybrids commonly grown. 
Earlier planting, rather than later, is gen- 
erally preferable, because of the need to 
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have corn mature and harvested early 
enough to permit the seeding of a small 
grain afterward. The trend toward har- 
vesting by corn picker will also influence 
the farmers toward planting as early as 
practicable, because this method of har- 
vesting requires that the corn mature 
early. 
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OBITUARY 


Perry Gilbur Fattig 
1881-1953 


Mr. Perry Wilbur Fattig died suddenly in his 
home in Decatur, Georgia, on December 7, 1953. 
Thus ends the career, at the age of 72, of an eager 
naturalist, tireless collector, and a modest and thor- 
oughly friendly person. 

P. W. Fattig was born in Lancaster, Ohio, on 
June 1, 1881. He studied at Crawfis Collegiate In- 
stitute, Ohio University, Ohio State University. He 
took degrees of B.S. and M.S. from Ohio University 
and a B.S. in Education from Ohio State Normal 
College. . 

On September 2, 1903, he was married to Miss 
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} 
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Clara Mae Fenstermaker. Mrs. Fattig, a son, Wilbur 
L. Fattig of Atlanta, and a brother, D. E. Fattig of 
Youngstown, Ohio, survive him. 

Mr. Fattig taught at Trinity University in Texas, 
State Teachers College in North Dakota, the Uni- 
versity of Florida, and State Teachers College in 
Virginia. Since 1926, he held the position of Curator 
of the Museum at Emory University near Atlanta, 
Georgia, in which position he did much to stimulate 
the interest of high school and college students in 
entomology and natural history generally. 

He contributed many notes on the biology of the 
insects he collected and completed ten Emory Uni- 
versity Museum Bulletins, giving biological notes 
and listing the Georgia collection records on the 
following groups: Mutillidae (1943), Phyllophaga, 
Asilidae, Tabanidae, Cerambycidae, Chrysomelidae, 
Carabidae, Larvaevoridae, Ichneumonidae, and 
Elateridae (1951). He had almost completed the 
“Buprestidae of Georgia” at the time of his death. 
These bulletins demonstrate both the wealth of the 
Georgia insect fauna and the energy and persistence 
of Mr. Fattig’s collecting, since in all groups the 
number of species listed far outnumbers that found 
in lists from nearby States. 

Mr. Fattig was a charter member of the Georgia 
Entomological Society and served as its president 
in 1943 and 1944. He attended every meeting of the 
Society since its founding in 1937, except the 1951 
meeting in Savannah. He was Historian at the time 
of his death. He was a long-time member of the 
American Association of Economic Entomologists 
and of several fraternal organizations. 

Mr. Fattig’s warm personality, his phenomenal 
memory, his energetic devotion to the exploration 
and study of the insect fauna of Georgia, and his 
many fascinating exploits in collecting insects have 
made him an almost legendary figure that will be 
remembered gratefully as long as insects are studied 
in Georgia. 

Horace O. Lunp 











SCIENTIFIC NOTES 


A Dust Mixer for 


Economic Poisons? 


Yune-Cuana Cuao, Department of Entomology, and 
J. Roperts, Department of Agricultural Engineer- 
ing, State College of Washington, Pullman 


The mixer herein described was constructed pri- 
marily to blend wheat samples thoroughly with 
various insecticidal protectants. It is a modification 
of two similar mixers. One was developed by Dr. 
Samuel Ristich, and described and illustrated in the 
senior author’s doctoral thesis (1952);? the other 
was devised and illustrated by McCallan (1948). 

igs our desire to develop equipment which 
would: 


(1) Blend rapidly and thoroughly a large number 
of samples varying from less than an ounce up 
to 5 pounds. 

(2) Be simple to construct and inexpensive. 

(3) Be fairly portable and consume little floor 


space. 

This machine meets all of these requirements 
adequately and should also be useful in many other 
types of laboratory studies. The distance between 
the rollers can be adapted to containers of any size 


1 Work conducted waneed Project No, 1127, State College of 
Washington, Pullman 
2 Chao, PosnCheee , 1952. Comparative effectiveness against 
the : oa weevil ” contact, fumigation, and repellency of 
pyrethrins, Spenert butoxide, lindane, and DDT. 
"D.t thesis, Ohio State University. 
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Fig. 1.—A design of the dust mixer. 
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List of Materials for the Mixer, Pullman, 
Washington. 1953. 


Vol. 47, No. 2 


Table 1.—Summary of sprays used and resi- 
dues reported. 











QUANTITY MATERIAL 

7 Motor, i h.p., 1750 RPM 

8 V pulley, A Section, die cast, 4}” 
P.D., ?” bore 

1 V pulley, A Section, die cast 12.4 
P.D., }” bore 

2 V pulley, A Section, steel 2.3” P.D., 
§" bore 

2 V pulley, A Section, Steel 3.4” P.D., 
}” bore 

2 V belt, 78”, A Section 

1 V belt, 44” A Section 


30 feet Cold rolled steel, ” 
3 pounds Flat washers, 3” 

10 feet Extension cord, 2—16, with plug 
1 piece Oak, 1” 12” X10’ 
1 piece Ply wook, 8’X4'X}" 
1 Rubber garden hose, 25’, 3” I.D. 
2 Idler pulleys, 3 

Bolts, keys, nails and hinges 

Approximate cost of materials—$57.65. 





normally used in laboratory work. The speed of the 
rollers can easily be changed by varying pulley sizes 
on the motor. Experience indicates that the speeds 
shown in Figure 2 give very satisfactory mixing. 
The materials and cost are shown in the accompany- 
ing list. The design is illustrated in Figure 1. 

ACKNOWLEDGMENT.—The authors wish to express 
their gratitude to Dr. H. S. Telford, Chairman of the 
Department of Entomology, State College of Wash- 
ington, Pullman, Washington, for his suggestions in 
developing the apparatus. 
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Peach Insect Control with Low- 
Gallonage Spray in Mississippi’ 


H. B. Green, Mississippi Agricultural Experiment 
Station, State College 

Insect control on many home orchard peach 
trees is inadequate because of the trouble and time 
required to make spray applications. The question 
arose as to whether or not it was necessary to cover 
the entire leaf area to control the plum curculio and 
the oriental fruit moth. Tests designed to answer 
this question were conducted with single tree plots 
during the four years, 1950-53. In all the tests a 
low-gallonage spray of about 1 quart per tree was 
compared with about 1.5 gallons of spray per tree. 
Several insecticides were used in the tests, but the 
same formulation and amount was used by each 
method of application in all cases. The regular gal- 
lonage was applied with a 15-gallon power sprayer 
developing 150 pounds p.s.i. pressure, while the low 


MetTHOD 





INSECTICIDE PER TREE or Appti- Resipue 
(Gos, oF ActuaL Toxicant) CATION P.P.M. 
1950 
5.17 gms. chlordane as emulsion plus Low No analysis 
6.88 gms. DDT as emulsion Regular 
1951 
3.58 gms. aldrin as wettable powder 
plus Low 0.121 
6.88 gms, DDT as wettable powder Regular 0.201 
1952 
53.51 gms, toxaphene as emulsion Low 76.12 
Regular 31.77 
6.88 gms. methoxychlor as emulsion Low 7.24 
Regular 4.42 
3.44 gms. dieldrin as wettable powder Low 0.57 


Regular None 
es 1953 
3.44 gms. dieldrin as wettable powder 
applied first two sprays 


6.88 gms. methoxychlor as wettable Low 6.442 
applied last 4 sprays Regular 4.18? 





1 Bioassay by Julius Hyman and Company; other analyses 
made by Mississippi Experiment Station Chemistry Depart- 
ment by total chlorine method. 

2 Residue reported as methoxychlor. 


gallonage was applied with a commercial 3-gallon 
compressed air sprayer with the usual disc type 
nozzle. The low-gallonage treatment was in effect a 
spot treatment of the tree to cover the fruit, with no 
attention to foliage coverage. Thus the same amount 
of toxicant was used per tree by both methods, but 
there was a higher concentration actually applied to 
the fruit by the low gallonage. 

As it might be expected the insecticide residues 
on the fruit on the low gallonage treatments was 
higher than on the regular gallonage, but it was 
much lower than would be expected considering the 
concentrations used. The insecticides, formulations, 
and rates used and the resulting residue on the fruits 
are presented in table 1. 

To evaluate the results, all drop peaches were col- 
lected and hung in produce sacks to allow the plum 
curculio larvae to emerge and fall in a container for 
counting. Total larvae emerged are used here, since a 
percentage might be seriously affected by fruit set on 
single tree plots. At harvest, samples of fruit were 
cut to determine the percentage of fruit infested by 
both the plum curculio and oriental fruit moth 
larvae. Control of the latter was also measured by 
the percentage of twigs bored prior to harvest. 
These data are presented in table 2. Infestations 
were too low to give reliable comparisons of treat- 
ments in 195%. This was also true of the oriental 
fruit moth in 1951 and of the plum curculio in 1953. 

The data in table 2 indicate that the low gallonage 
treatment was as effective as the regular gallonage 
for the control of both species of insects. In 1951 the 
percentage of harvested fruit damaged by plum 
curculio was significantly higher on the regular gal- 
lonage. Also in 1953 the percentage of twigs bored 
by oriental fruit moth larvae was significantly 
higher in the regular gallonage. In all cases there was 


1 Journal Article No. 364, Miss. Agri. Exp. Station. 
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Table 2.—Summary of insecticide effectiveness. 











PLum Wormy Twics 
CurcULIO Friut BoreED BY 
LARVAE (Ptum ORIENTAL 
ConLectepD Curcunio) Fruit 
FRoM ALL AT Moru 
GALLONAGE Drops Harvest LarvarE 
Number Per Cent Per Cent 


Average of 2 Paired Replicate of Belle of Georgia 
Variety at State College, Miss. 


1950 
Low 12.50 1.55 4.33 
Regular 13.33 1.58 8.25 
1951 
Low 21.91 5.58 
Regular 38.91 10.25* 
1953 


(Oriental Fruit Moth) 
Average of 8 Paired Replicates of Belle of Georgia & 
Elberta Varieties at Stoneville, Miss. 
5.12 16.25 
9.87  25.87+ 


Low 
Regular 





* Significant at 5 per cent level. 
t Significant at 1 per cent level. 


some indication of better control by the low gal- 
lonage. This might be explained by the greater in- 
secticide residue in the case of the fruit infestations, 
but it is more difficult to account for the better con- 
trol of the oriental fruit moth larvae in the twig 
tips, which were usually well removed from the 
fruit. 

Several fungicides were used in a comparable man- 
ner throughout the tests. When some insecticide 
emulsions were used the large amounts of wettable 
fungicides often had a tendency to form a sludge in 
the low-gallonage tests. Nabam was used with fair 
success, but it is more or less a solid suspension 
when the necessary zinc or ferric sulphate is added to 
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it. Under most conditions wettable sulphur was satis- 
factory with occasional shaking of the compressed 
air sprayer to agitate it. 

Applications required about the same amount of 
time by either method which was much faster than 
regular gallonage could be applied with a com- 
pressed air sprayer. The low-gallonage method is 
also much easier to use since the high shoots and 
twigs are not covered and application may usually 
be made from the tree crotch or the ground. 





Parasitization of Spruce Budworm 
Larvae at Different Crown Heights 
by Apanteles and Glypta 


H. A. Jaynes, Entomology Research Branch, 
Agr. Res. Serv., U.S.D.A. 


Studies to determine the distribution of over- 
wintering larvae of the spruce budworm, Choristo- 
neura fumiferana (Clem.), on balsam fir were made 
during a medium infestation in northern Maine late 
in April of 1951 and 1952. Branches were cut from 16 
trees, usually at 5-foot height intervals. Some trees 
were sampled at mid-crown and lower, others at 
mid-crown and top, depending upon the height of 
the tree. Branches were taken from al] three crown 
levels on 11 of the trees. 

Limited records regarding parsitization at differ- 
ent crown heights had shown little difference in 
percentage of parasitization by Apanteles fumi- 
feranae (Vier.) and Glypta fumiferanae (Vier.), the 
two principal parasites of overwintering budworm 
larvae. It was believed that dissection of the larvae 
obtained during this work would give an excellent 
indication of the distribution of parasitization by 
these species, and so all the larvae were dissected. 

The percentages of budworm larvae parasitized 
by Apanteles and Glypta at different heights from 
the ground are shown in table 1. These figures, how- 
ever, do not take into consideration the position of 
the branch in relation to the crown of the tree. On 


Table 1.—Parasitization of spruce budworm on balsam fir by Apanteles and Glypta at different 




















heights. 
BupworMs PARASITIZED 
HEIGHT OF 
BRANCH NUMBER OF Apanteles Glypta Total 
(FEET FRoM BupworMs 3 
GrRouND) Dissectep Number Per Cent Number Per Cent Number Per Cent 
7-10 270 25 9 13 5 38 14 
10-15 148 22 15 3 2 25 17 
15 $22 35 11 21 6 56 17 
15-20 58 4 7 2 3 6 10 
20-22 608 128 21 55 9 183 30 
15-28 53 8 15 3 6 11 21 
25 570 116 20 69 12 185 &2 
25-32 226 57 25 22 10 79 35 
20-33 57 26 46 3 5 29 51 
30-32 433 83 19 37 9 120 28 
30-35 116 37 32 12 10 49 42 
35-37 129 46 36 14 11 60 47 
42-47 112 38 34 11 10 49 44 
Total or 
average 3102 625 20 265 9 890 29 
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Table 2.—Parasitization of spruce budworm on balsam fir by Apanteles and Glypta at three crown 























heights. 
Bupworms PARASITIZED 

PorTION NUMBER OF Apanteles Glypta Total 

or TREE BupworMs —_- = — 
CROWN DIssECTED Number Per Cent Number Per Cent Number Per Cent 
“ey 1192 167 14 72 6 239 20 
Middle 1472 305 21 154 10 460 31 
High 438 152 35 39 9 191 44 

Total or 

average 3102 625 20 265 9 890 29 





some trees a limb at 15 or 20 feet would be con- 
sidered part of the mid-crown, whereas on other 
trees it would be in the lower crown section. 

When the samples are grouped into three crown 
levels—low, middle, and high—the difference in 
parasitization is evident (table 2). The difference is 
more pronounced for Apanteles than for Glypta. 

The results from the 11 trees having branches 
sampled in the three crown classifications were 
analyzed for parasitization by Apanteles. The mean 
percentages of parasitization were 15, 20 and 27 for 
the low, middle, and high levels, respectively. The 
difference between means is significant at the 5-per 
cent level. The difference in parasitization at differ- 
ent crown levels would have been even more evident 
if the branch samples had been taken at 10- or 
15-foot intervals rather than every 5 feet. The 
difference between trees was not significant, al- 
though the sample spruce budworm count ranged 
from 65 to 462, with an average of 245. 

The results of this study show that the percentage 
of parasitization by Apanteles in a medium infesta- 
tion on balsam fir varies at different crown levels, 
being greater at the higher levels. In order to get 
the most reliable estimate for parasitization by this 
species, collections should be made throughout the 
whole crown. This is often a practical impossibility 
because the tops of the larger trees are too high to 
be reached with the 30-foot sectional pole pruner 
used for this work. Fortunately, though, data pre- 
sented in table 2 show that the parasitization at the 
mid-crown is a reliable indication of the average of 
parasitization for the whole tree. 


Typhlodromid Mites on Citrus and 
Avocado Trees in Southern 
California 
C. A, Fuescuner! and D. W. Ricker,? Department 


of Biological Control, University of California, 
Riverside 


The following note is a partial result of a close 
study of the predatory mites found on both citrus 
and avocado trees in southern California. A more de- 
tailed and comprehensive report on them will be 
forthcoming in a later publication. 

Originally most of the Typhlodromid mites found 
on foliage were placed in a complex of species loosely 


called Seius (Seiulus) pomi (Parrott) (Nesbitt 1945). 
With subsequent collecting and more detailed 
studies we now recognize from citrus and avocados 
at least six described species and possibly two un- 
described forms belonging to the genus Typhlo- 
dromus as it is now known. 

Two of the most common Typhlodromid mites 
encountered in our studies are 7yphlodromus fin- 
landicus (Oudemans) and an undescribed species 
near finlandicus. Both mites have been observed, in 
the laboratory, to feed on plant-feeding mites of 
the family Tetranychidae. In the field these preda- 
tory mites have proved to be the most effective 
predators of Tetranychid mites occurring on citrus 
and avocado trees. 

The following is a list of the Typhlodromid mites 
that we have encountered on both citrus and avo- 
cado trees; together with what information is avail- 
able about their food ranges at this time. It might be 
added that the results were arrived at in the labora- 
tory by confining the predators and plant-feeding 
mites in small cells, attached either to avocado 
leaves or orange fruit. 

Typhlodromus finlandicus (Oudemans) occurs on 
both citrus and avocado trees. It has been observed 
to feed upon the citrus red mite, Metatetranychus 
citri (McG.), the citrus bud mite, Aceria sheldoni 
(Ewing), and the avocado brown mite, Paratetra- 
we us coitti Mi - > a Bie 

<epeceneeeets ‘conspicuus (Garman) has n 
found on citrus and avocado trees. It is more com- 
monly found on those avocado trees where the 
pallid mite, Tydeus californicus (Banks), abounds. 
This predatory mite has proved to be unique in that 
it is the only Typhlodromid tested that will feed or 
reproduce on 7’. californicus. T. conspicuus when 
placed in a cell containing both 7. californicus and 
Paratetranychus coiti fed only upon the Tydeid. 
When isolated with P. coiti, Metatetranychus citri 
and Tetranychus sermaculatus Riley the Typhlo- 
dromids died within 2 or 3 days. So far, we have 
been unsuccessful in rearing 7. conspicuus on any 
plant-feeding mites other than T. calzfornicus. 

Typhlodromus longipilus Nesbitt also occurs on 
both citrus and av o trees. Experiments are now 
in progress to determine the food range of this mite. 
At the present time it has been observed to feed on 
both Paratetranychus coiti and Tetranychus bimacu- 
latus Harvey. When isolated with Tydeus cali- 
fornicus the Typhlodromids died without feeding. 


' Assistant Entomologist in the Experiment Station. 
_? Laboratory Technician, Citrus Experiment Station, River- 


























April 1954 


Typhlodromus sp. near finlandicus has been found 
only on avocado trees. It has been observed to feed 
on Metatetranychus citri, Paratetranychus coiti, 
Tetranychus sermaculatus, Tetranychus bimaculatus, 
and Aceria sheldoni. Typhlodromus sp. when isolated 
with Tydeus californicus was not observed to feed, 
although on several occasions it caught the pallid 
mite and appeared to attempt to insert its chelicera 
but seemed unable to pierce the body covering. 
After several attempts on various areas of the body, 
the Tydeid was released. Within 3 or 4 days after 
isolation with 7. californicus the Typhlodromid 
mites died. A mature female predatory mite was 
placed in a cell which contained all four species of 
Tetranychids enumerated above. The female showed 
no preference in her choice of food. Several times 
during the day she was observed catching first one 
of the above and partially sucking out the body 
juices, and then within a short period of time would 
catch an altogether different species and partially 
extract its body juices. 

Ty romus similis (Koch) has also been col- 
lected only on avocado trees; with the exception of 
several specimens found on an apple tree in an 
avocado grove. At present this species is known to 
feed upon Paratetranychus coiti and Tetranychus bi- 
maculatus. Experiments are now being conducted 
with other plant-feeding mites. The food habits of 
the three remaining T'yphlodromus species (masseei 
Nesbitt, pomt (Parrott)? and an undescribed 
species) have not been studied. 

It is interesting to note that all of the above men- 
tioned predatory mites, with the exception of 
Typhlodromus conspicuus, would not feed on Tydeus 
californicus. None of the mites studied were ob- 
served to feed on Brevipalpus mites. The predaceous 
mites mentioned that fed on both Metatetranychus 
citri and Paratetranychus coiti were readily trans- 
ferred from avocado leaves to citrus fruit and back 
to avocado leaves without any apparent detrimental 
effects. This appears to indicate that these mites 
are capable of living on a variety of host plants. 
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Injury to Pepper Plants by the 
Pea Miner 


Joun C. Eumore, Entomology Research Branch, Agr. 
Res. Serv., U.S.D.A., and Ciirrorp A. RANNEY, JR., 
Cal-Compack Foods, Inc., Santa Ana, California 


Extensive injury to seedling pepper plants by the 
pea leaf miner, Liriomyza langei Frick, was noti 
in May 1953 at Los Alamitos, in Orange County, 
Calif. Adults of this pest emerging from volunteer 
sugar-beet plants at roadsides and fence rows were 
puncturing the primary, or cotyledonous, leaves so 
severely that many of them turned brown and died. 
Larvae of this leaf miner also developed in many 
primary leaves and later entered secondary leaves, 
causing them to curl (fig. 1). 

Several species of flies of the genus Liriomyza have 
been observed puncturing the leaves of plants so 
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Fic. 1.—Seedling pepper plants damaged by the pea 
leaf miner. Undamaged plant at right. 


extensively as to give them a gray appearance. This 
type of puncturing has been noted on peas, sugar 
beets, tomatoes, peppers, spinach, cauliflower, and 
weeds of the genera Chenopodium, Amaranthus, and 
Atriplex. 

Since leaf punctures are usually many times more 
numerous than leaf mines, it has been assumed that 
much of the puncturing is done for purposes other 
than oviposition. Tilden (1950) observed repeated 
insertions of the ovipositor of a leaf-mining fly in 
leaves of Baccharis pilularis without deposition of 
eggs. The females fed on the exudate. Speyer (1950) 
found that males of the tomato leaf miner, Liriomyza 
solani Hering, fed only on diluted syrup, and that 
females fed principally on the sap from punctures 
made in the leaves with the ovipositor, although 
syrup was occasionally taken at midday when the 
temperatures were high. 

Peppers are not a natural host of the pea leaf 
miner. Only the primary leaves of the seedlings were 
punctured, and after the plants had set other leaves, 
no further puncturing or leaf mining by this species 
was observed except as described. Five hundred 
acres of chili peppers were affected, stunting of the 
plants being severe in part of the acreage and mild 
in other parts. Economic loss was due to this stunt- 
ing and to the cost of replacing missing plants. 

er information on the nature and extent of 
injury by these flies was obtained from an experi- 
ment arranged by the junior author. This was done 
by caging six 2-foot sections of double pepper rows 
planted especially for the experiment. The cages, 
covered with fine-mesh wire screen, were put in 
place as soon as the plants emerged, for protection 
against fly damage. Six days later, but before the 
secondary leaves had developed, 15 flies of the pea 
leaf miner were liberated in each of four of the 
cages. Two “— were free of flies. Extensive punc- 
turing of the leaves was soon noticeable on plants 
in cages containing flies. After 3 weeks, when the 
plants had reached the transplanting stage, the 
cages were removed. Plant stunting was apparent as 
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a direct result of fly punctures in the primary leaves. 
Damaged plants were about half as large as un- 
damaged ones. The dry weight of 10 plants from 
each of the fly-infested cages ranged from 10.1 to 
12.1 and averaged 10.8 grams, compared with 22.9 
and 24.3 grams for the plants from the two check 
cages. This was a reduction of 54 per cent in plant 
growth due to leaf miner attack. 
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Control of Injury by Western Corn 
Rootworm Adults’ 


C. C. BurKHarptT®? 


The adults of the western corn rootworm, Dia- 
brotica virgifera Lec., feed upon every part of the 
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growing corn plant above ground. Although leaf 
feeding often is quite extensive, the most detri- 
mental injury is to the silks. Considerable numbers 
of beetles were observed feeding on newly emerging 
silks during 1953. Where the beetles were abundant, 
all the silks were severed closely at the tips of the 
ears. When clipping of silks occurred at silk emer- 
gence, incomplete fertilization of the ovules occurred 
which resulted in ears sparsely covered with kernels 
(Fig. 1). 

Injury to the ear was not confined to the de- 
struction of the silks. Frequently, the well formed 
kernels at the tips of the ear were fed upon for a 
distance of 2 inches posterior to the tip of the ear. 

It was estimated that many corn plants in north 
central-Kansas harbored more than 100 beetles 
each, particularly those plants on which the tassels 
were emerging. Populations of such magnitude made 
control measures necessary. 

The western corn rootworm is an insect that 


1 Contribution No. 620, Department of Entomology. Studies 
conducted under State Project 284. 

2 Assistant Entomologist, Kansas Agricultural Experiment 
Station, Manhattan. 

3 Acknowledgment is made to P. H. Marvin of Hobaugh and 
Marvin Agricultural Chemicals, Wichita, Kansas, for his as- 
sistance in making arrangements for aerial applications. 
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Fic. 1.—A comparison of pollination resulting from (left) an absence of Western corn rootworm beetles 
and (right) various degrees of injury caused by an abundance of beetles at tasseling and silking time. 
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should normally be controlled in the larval stage. 
Frequently, however, the adults emerge from the 
soil in infested fields and move into nearby hereto- 
fore uninfested fields. Here they often cause serious 
damage to silks; in addition they oviposit in these 
fields giving rise to a new crop of corn rootworms the 
following spring. If beetles are extremely abundant 
and become a threat to pollination as they did in so 
many fields in Jewell and Republic counties in 1953, 
control of adults becomes necessary. 

Hill et al. (1948) found that aerial applications of 
a 3 per cent DDT dust applied at the rate of 25 to 
30 pounds per acre gave excellent kills of rootworm 
adults in Nebraska. Furthermore, field observations 
indicated that such treatments reduced rootworm 
populations so effectively that lodging was of little 
consequence during the succeeding season. 

Approximately 3,000 acres of corn were treated by 
aerial application for the control of the corn root- 
worm beetles in Kansas during 1953. An emulsion of 
DDT was used rather than a dust because most 
aerial applicators are not equipped to apply dusts 
and prefer to work with emulsions. The rate of 2 
pounds of technical DDT per acre was used rather 
than any lower rate, to increase the length of residual 
action and thereby give protection against later 
emerging beetles. One gallon of undiluted 25 per 
cent emulsifiable concentrate DDT was applied per 
acre. Plants were carefully checked for distribution 
of spray particles. An even and satisfactory coverage 
was obtained without leaf burn. 

Resutts.—Counts of beetles were made before 
and after treatment in a commercially sprayed field 
near Scandia, Kansas. Prespray counts were made 
on 112 plants, examined in groups of 5 consecutive 
plants, each group taken at random across the field. 
The number of live beetles per plant ranged from 
10-70, with an average of 34 beetles per plant 
(Table 1). 


Table 1.—Results (after 12 hours) of spraying 
with 2 pounds of technical DDT per acre for 
control of the western corn rootworm. Scandia, 
Kansas. July 28, 1953. 








Live BeetiLes Deap BEETLES 


, PLANTS 
Counts EXAMINED 


Av. per Av. per 
Total plant Total plant 


0 


Prespray 112 3641 34 0 
1886 33 


Postspray 57 89 1.5 





A count was made 12 hours after treatment and 
the results obtained are summarized in table 1. The 
number of dead beetles ranged from 1 to 103 per 
plant, averaging 33. An average of 1.5 live beetles, 
or a range from 0 to 5, were recorded after spraying. 
This would indicate that an average of 95.4 per cent 
of the adults had been killed 12 hours after applica- 
tion of the insecticide. Dead beetles were found 
on the plants and on the ground. It was noted that 8 
hours after application there were great numbers of 
moribund beetles, however, 4 hours later they were 
dead. A 36-hour postspray count showed virtually 
100 per cent dead beetles. Where beetles were 
abundant, and where it was felt that spraying would 
be necessary, the application of insecticide was 
usually made about the time that the field was 
largely in tassel or when the first silks began to 


appear. 
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Evaluation of Trunk Sprays against 
Peach Tree Borers in Delaware’ 


Donatp MacCreary,? Delaware Agricultural 
Experiment Station, Newark 


For some years, especially since the advent of 
DDT-trunk spraying, more and more complaints 
have been received from Delaware orchardists con- 
serning borers in peach trees. Smith (1951), in New 
York, showed that DDT was not effective against 
the lesser peach tree borer, Syanthedon pictipes 
(G. & R.), although it did control the peach tree 
borer, Sanninoidea exitiosa (Say). In recent years 
both species have become more abundant in Dela- 
ware. Although DDT is ineffective against the lesser 
peach tree borer, other factors must be responsible 
for the increased numbers of the peach tree borer. 
An examination of local spraying practices provides 
some evidence as to the reasons for the increase of 
the latter species. 

Over the years, paradichlorobenzene has been 
used routinely by all commercial growers. Normally, 
it was applied in September during the period be- 
tween the completion of Elberta peach harvest and 
the beginning of the late-apple harvest. Thus, its 
use fitted very well into common farming practices. 
However, considerable labor was required to prepare 
the soil around the trees and to apply the paradi- 
chlorobenzene. The opportunity to achieve the same 
ends, at much less cost, by spraying with DDT two 
or three times during the season was welcomed by 
practically all orchardists. 

For several reasons, very few producers adhered 
strictly to the suggested program of trunk spraying, 
since it interfered with the harvest of early apples 
and peaches. Also, depending upon the variety, one 
and sometimes two of the sprays were scheduled at 
times when the trunk was more or less obscured by 
the heavily-laden branches. Often, this resulted in 
only one or two sprays being applied and these, not 
at appropriate times but at the convenience of the 
grower. 

An experiment, at the Georgetown, Delaware, Sub- 
station, was designed to evaluate several insecticides 
as trunk sprays. T'wo rows of 4-year-old peach trees 
(rows 12 feet and trees 44 feet apart), separated by 
22 feet from an older peach orchard were selected 
for tests. The previous year the older planting was 
heavily infested with both the peach tree borer and 
the lesser peach tree borer. Accordingly, there was 
reason to believe that both species would be present 
in the rows utilized for the experiment. The trees 
under test ranged from 2? to 4 inches in diameter at 
the soil surface. Treatments were randomized and 
each one replicated three times. Ten trees, five in 
each row, constituted a replicate. Thus, 30 trees, 
15 in each row, comprised one treatment. 


1 Published as Miscellaneous Paper No. 182 with the approval 
of the Director of the Delaware Agricultural Experiment Sta- 
tion. Publication 257 and Scientific Article 178 of the Depart- 
ment of Entomology, November 24, 1953. 

2 Research Professor, Entomology; with the assistance of 
Charles A. Triplehorn and Don H. Lewis. 
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Meruops.—The materials were applied with a 
Bean sprayer operating at a pressure of 500 p.s.i., 
using a single-nozzle gun. The larger branches 
above the crotch and all sides of the trunk were 
thoroughly sprayed. Particular care was taken to 
direct the full force of the spray toward the base of 
the tree. This loosened and cleared away the ac- 
cumulation of gum and frass that is always present 
on a heavily-infested tree. Each tree received three- 
fourths of a gallon of spray per application. The in- 
secticides and dosages u are shown in table 1. 
Each toxicant was applied alone five times during 
the summer, but when the sticker was included only 
three applications were made.’ 

The dates chosen for application of the trunk 
sprays were based on information obtained by Mac- 
Creary (1951) on adult emergence of both the peach 
tree borer and the lesser peach tree borer. Records 
for that year showed that peach-tree-borer adults 
emerged from June 6 to September 14, while those 
of the lesser peach tree borer emerged during the 
period May 7 to September 25. Fifty-eight per cent 
of the peach tree borer moths emerged in August. 
Forty-six per cent of the lesser peach tree borer 
adults emerged in June. With the exception of a 
few that appeared in May, the remainder were 
divided almost equally among the months of July, 
August and September. 

Since the trees had been planted for experimental 
use by the Department of Horticulture and had 
served their purpose, it was permissible to pull them 
for examination. This allowed a very accurate count 
of the larvae, particularly those below the soil sur- 
face. All borers were collected and returned to the 
laboratory, where they were identified by H. E. 
Milliron. 

The anticipated infestation by the lesser peach 
tree borer did not materialize. The Horticulturist, 
in charge of the mature orchard adjoining the test 
plots, had been much concerned about the damage 
caused by this species to the upper trunk and 
scaffold branches, and had treated thoroughly all 
bark lesions with an oil-paradichlorobenzene mix- 
ture. The clean-up was so complete that infestation 
by this species was practically eliminated. Only 5 of 
542 larvae proved to be the lesser peach tree borer. 

Five trees (half of each replicate) were examined 
for borers in the fall of 1952 and the remaining trees, 
in the spring of 1953. The choice of trees for the fall 
inspection was made arbitrarily. One entire row was 
pulled, leaving the other one for the spring counts. 

Resutts.—The results of trunk spraying for con- 
trol of the peach tree borer are summarized in table 
1. The winter mortality is of particular interest. In 
the fall, there was an average of 27 larvae per tree 
in the unsprayed check; by the next spring, the 
number had decreased to nine, or an average of 18 
borers per tree for the two examinations. This re- 
duction in numbers from fall to spring is evident, 
also, in all of the treatments. 

Any treatment that reduces the borer population 
to less than one larva per tree, under conditions that 
allow the development of 18 per tree in the un- 
sprayed check, should provide satisfactory control 
for the commercial grower. An examination of the 
data in table 1 shows that all materials, whether ap- 
plied three times with sticker or five times without, 
reduced the population of borers to 0.6 larva or less 
per tree. Without exception, there was a very slight 
increase in borer infestation in those plots receiving 
but three applications of toxicants. However, these 
differences are so minute that it is considered im- 
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Table 1.—Results of trunk spraying for con- 
trol of the peach tree borer. 

















Number or LaRvAE 
PER TREE 

Noum- - —- wan 

BER OF Fall, Spring, Aver- 
TREATMENT! ‘Sprays 1952 1953 age? 
DDT, 8 Ibs. (100 gals 5 0.13 0.00 0.06 
Same ‘plus sticker, 2 qts3 3 0.80 | 0.20 | 0.50 
BHC, 4 lbs. /100 gals. 5 0.00 0.00 0.00 
Same plus sticker, 2 qts. 3 0.06 | 0.00 0.03 
Parathion, 2 lbs./100 gals. 5 0.00 0.00 0.00 
Same plus sticker, 2 qts. 8 0.20 | 0.13 0.16 
EPN-300 1} Ibs./100 gals. 5 0.46 0.06 0.26 
Same plus sticker, 2 qts. 3 0.73 0.53 0.63 
Dieldrin, 2 lbs./100 gals. 5 0.00 | 0.20 0.10 
Same plus sticker, 2 qts. 3 1.06 | 0.13 | 0.60 
Unsprayed check — 27.10 9.00 | 18.00 











1 Dates of application—May 27, June 17, July 10, July 31 and 
August 21. Plots receiving insecticides and sticker were treated 
only three times (May 27, July 10 and August 21). 

2 Average of 30 trees. 

3 An experimental sticker developed by The National Sugar 
Refining Company, presently referred to as National Sticker. 


practicable from the growers’ point of view to in- 
clude the two additional sprays. The conclusion 
seems warranted that three applications of any of 
the materials tested, with an adhesive added, should 
provide adequate commercial control. To obtain 
such results the sprays must be properly timed and 
thoroughly applied 

Summary.—DDT, BHC, parathion, EPN-300 
and dieldrin were each applied five times to 30 
trees (three replicates) for control of the peach tree 
borer, Sanninoidea exitiosa (Say). The same in- 
secticides, with National Sticker added, were also 
applied three times. Half of the test trees were ex- 
amined in the fall of 1952 and the remainder, in the 
spring of 1953. The 30 unsprayed trees averaged 
18 larvae per tree, while in no case did any treat- 
ment average more than 0.6 larva per tree. Five 
applications of any of the materials provided slightly 
better control than three applications with the 
sticker included. However, the increased kill of 
borers was not sufficient to justify the expense of the 
two additional applications. Any one of the toxi- 
cants should provide good commercial control of the 
peach tree borer, when the sprays are properly 
timed and thoroughly applied. 
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the lesser peach tree borer and peach 
tree borer moths. Trans. Peninsula Hort. 
Soc. 1951. (Bul. Del. St. Bd. Agr. 41: 113- 


5). 

Smith, E. H. 1951. Control of peach tree borer 
and lesser peach tree borer in New York. 
Jour. Econ. Ent. 44: 685-90. 


3 A treatment with three applications of each toxicant without 
sticker was omitted, because both research and grower experi- 
ence had shown such a schedule inadequate. 
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The Toxicity of Various Insecticides 
to Chrysops discalis 


A. R. Roru, Entomology Research Branch, 
Agr. Res. Serv., U.S.D.A. 


The Tabanidae are serious pests of man and his 
domestic animals. Despite numerous efforts, no en- 
tirely satisfactory method has been found for con- 
trolling these pests by means of insecticides. 

In 1953 several insecticides were tested in topical 
applications on the deer fly, Chrysops discalis Will., 
in the Summer Lake area in Oregon, where this 
species is an important pest. Gjullin & Mote (1945) 
and Roth et al. (1948, 1950) have reported on the 
biology, incidence, and distribution of this and other 
species found in this area. 

The deer flies used in these tests were collected 
with a net over meadow lands and alkali flats near 
the site of emergence. Although of unknown age 
when treated, all flies were captured the day of 
treatment, and all were females. The flies were 
anesthetized with carbon dioxide and treated with 
acetone solutions of the insecticides, applied with a 
small syringe having a micrometer gauge attach- 
ment. After treatment the flies were kept in clean 
l-quart containers with screened ends. The con- 
tainers were placed on an inclined base to facilitate 
air circulation, and cotton pads saturated with sugar 
solution were pl on the upper screens to provide 
food for the flies. Twenty female flies were used in 
each test, and mortality counts were made after 24 
hours. The results are presented in table 1. 

Lindane, the most effective insecticide tested, 
gave 100-per cent kill at 0.05 microgram per fly and 
required approximately 0.035 microgram for an 
LD-90. Toxaphene was the least effective. About 13 
times as much toxaphene as lindane was required 
for an LD-90. EPN, malathion, Diazinon, and other 
organic phosphorus compounds were less effective 
than were most of the chlorinated hydrocarbons. 
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Ecological notes on the deer fly at Sum- 
mer Lake, Oregon. Jour. Econ. Env. 
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DDT Fails to Control Erythroneura 
lawsoniana 


D. W. Hamiuton and J. E. Fangy, Entomology 
Research Branch, Agr. Res. Serv., U.S.D.A2 


Since the general adoption of DDT by apple 
growers in the Middle West, the numbers of leaf- 
hoppers have dropped to a low point. Even light de- 
posits seem to have been effective. In the summer of 
1953, however, a grower near Paducah, Kentucky, 
reported that he was unable to contro! leafhoppers in 
his orchard with DDT. 

This orchard consisted of mature trees. Heavy 
populations of leafhoppers, mostly adults, were 
present, and severe injury had occurred to the 
foliage, along with limited spotting of the fruit. Al- 
though the sprayer used by the grower delivered 
only 7 gallons per minute at a pressure of 300 pounds 
per square inch, control of pests other than leaf- 
hoppers, such as scab and codling moth, was satis- 
factory. Seven cover sprays of DDT, 2 pounds of 
50-per cent material to 100 gallons, had been applied 
during the season, the last application between 
August 10 and 15. In September the grower stated 
that leafhoppers had built up in July and that he has 
not been able to reduce their number materially with 
sprays applied after that time. Residues of DDT 
present on the leaves on September 8 still averaged 
3.8 micrograms per square centimeter, indicating 
that leafhopper control should have been satisfac- 
tory. 

Specimens of the adult leafhoppers present in the 
orchard were identified as Erythroneura lawsoniana 
Baker,? one of the more common species found on 


1W. D. Armstrong, Kentucky Agricultural Experiment 
Station, assisted in these experiments. 

2 Identified by D. A. Young of the Entomology Research 
Branch, Agr. Res. Serv., U.S.D.A. 


Table 1.—Toxicity of various insecticides to topically treated deer flies. 3 to 6 replicates. 














Per Cent Mortatity! rn 24 Hours at [npicatep MILLIGRAMS PER FLY EsTIMATED 
INSECTICIDE 0.001 0.005 0.01 0.025 0.05 0.1 0.25 0.5 0.75 1.0 LD-50 LD-90 
Lindane 18 56 80 _ 100 _— _ — — — 0.004 0.035 
Endrin _ 20 57 _ 87 93 100 —_ —_— _— .009 .08 
DDT _— _— 20 67 74 82 _ 100 _ _ .02 25 
Dieldrin _— 20 29 _— 74 91 100 —_ — _ .02 095 
Methoxychlor oe — 28 43 73 92 100 — — _ .03 .09 
Aldrin _— _ 21 _ 55 82 100 — — —_ .04 17 
Heptachlor _— _— 12 27 60 87 100 _— _ _ .04 8 
EPN — _— 23 —_ 55 89 100 — — —_ .048 .12 
Isodrin _— —_ 34 —_ 46 70 —_ 100 — — . 06 ola 
Chlordane _ _— 10 _— 47 67 — 80 97 100 .06 65 
Bayer 22/1902 — _ 18 _— 33 70 _— 95 97 100 .065 42 
Diazinon?® _— _ 27 — 32 54 82 100 _ — 09 . 36 
Bayer 21/1994 _ —_ 42 — 46 51 —_ 73 78 97 .09 91 
Q-137 — _ 15 _ 38 44 — 95 100 — <n 4 
Malathion oe = — a 23 41 85 100 -— ~- .13 .33 
Toxaphene — — 21 o 32 39 - 93 100 ~ .18 .48 





1 No mortality in checks. _ ’ 
2 0,0-diethy] 0-3-chloro-4-nitropheny! thiophosphate. 


3 0,0-diethy] 0-(2-isopropyl-6-methy]-4-pyrimidinyl) thiophosphate. 


4 3-chloro-4-methylumbelliferone 0,0-diethyl thiophosphate. 
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apple in the Midwestern States. Although no speci- 
mens from this orchard have been identified pre- 
viously, it seems probable that the same species 
was present prior to 1953. 

On September 8 experimental applications of 
DDT, nicotine sulfate, and parathion were made to 
uniformly infested apple trees in this orchard. Since 
replication seemed unnecessary, each test consisted 
of a single tree isolated from other sprayed trees. 
The grower’s spray equipment was used, and 25 
gallons of spray were applied per tree with a single- 
nozzle gun having an }-inch orifice. The ground area 
adjacent to the tree was also sprayed to reduce im- 
mediate reinfestation. A drop cloth was placed under 
a portion of each tree and left 18 hours for observa- 
tions on results. 

Visual examination of sprayed trees after approxi- 
mately 1 hour indicated that nicotine sulfate at 1 
pint to 100 gallons had caused the greatest im- 
mediate kill of leafhoppers, that 50-per cent DDT at 
1 and 2 pounds had not killed a substantial portion 
of the leafhoppers, and that 15-per cent parathion at 
1 pound had caused little immediate kill. 

Examinations made early the next morning, while 
the leafhoppers were still quiescent from night 
temperatures, showed that nicotine sulfate had been 
the most effective and would have substantially re- 
duced the population had all portions of the orchard 
been sprayed. Neither DDT nor parathion was 
effective. 

From the results obtained it was concluded that 
the strain of Erythroneura lawsoniana present in 
the orchard may have built up resistance to DDT, 
since the grower using the same spray schedule had 
experienced no difficulty in controlling leafhoppers 
prior to 1953. 

Residue determinations on leaf samples as soon 
as the deposits had dried showed 10.1 micrograms 
per square centimeter from the 1-pound and 16.1 
micrograms from the 2-pound applications of DDT 
and 1.2 micrograms from parathion. 


Cutworm Control in Muckland Carrots 


Ricuarp D. Wessg, California Spray 
Chemical Corporation 


In June and July cutworms of Agrotis sp. regularly 
attack the crops on the mucklands near Elba, New 
York. Present control methods involve periodic 
dusting, spraying, or baiting during this period. 
These methods are often futile due to the high winds 
at this time of year which continually blow the “top 
muck” around, thus covering or blowing away the 
soil particles on which the toxicant has settled. 

The observations reported herein were made dur- 
ing a test designed to control the first generation of 
the carrot rust fly, Psila rosae (F.). In this test the 
insecticide treatments were applied using a drench- 
type planter which consisted of six Planet Jr. 
planters mounted side by side 15 inches apart. On 
top of the planters a 100 gallon tank was mounted 
with hose connections leading into the shoe of each 
row planter. As this unit moved through the field 
the seed and furrow of each of the six rows was auto- 
matically drenched with the contents of the tank. 
The flow of liquid was adjusted by regulating the 
opening of a valve in each hose lead. By closing the 
tank outlet valve while proceeding to plant un- 
treated areas could be arranged as desired. 
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Parathion, from a 42 per cent liquid concentrate! 
containing 4 pounds technical parathion per gallon, 
was applied at 1.5, 2, and 3 pounds of active in- 
gredient per 100 gallons per acre. Each treatment 
was applied on six rows 1,452 feet long and repli- 


cated two times. Two untreated areas, six rows by 50 


feet, were left in each replication of each treatment. 
The treatments were applied May 4, 1953. On May 
20 counts were taken which revealed no differences 
in seedling emergence. 

When the first samples of carrots were pulled in 
mid-June it was apparent that the carrot rust fly 
injury would be masked by a heavy infestation of a 
root knot nematode, Meloidogyne sp., and thus the 
experiment was abandoned for that purpose. During 
late June, however, there was extensive cutworm 
activity throughout the entire muckland area. At 
that time it was observed that the untreated areas 
were nearly free of carrots while in the treated por- 
tions of the field carrots were as abundant as needed 
to produce a crop. Further irivestigation revealed 
that many cutworm larvae could be found in the 
soil in the untreated areas while an extensive search 
of the treated rows yielded only four larvae which 
appeared to be suffering from the effects of insecti- 
cide poisoning. This field received no other treat- 
ment and the treated portions produced a good 
stand throughout the season. 

From these observations it is felt that a more 
efficient and practical method of protecting many 
crops from cutworms may be utilized, particularly 
on muckland. 


1 Orthophos 4 S pray®, California Spray-Chemical Corp. 


The Old House Borer in 
Massachusetts! 


W. B. Becker, Massachusetts Agricultural 
Experiment Station, Amherst 


This cerambycid beetle, Hylotrupes bajulus (L.), 
which produces a powder post beetle type of injury in 
the sapwood of well seasoned coniferous wood, has 
been reported a serious pest of wooden structures in 
Europe for many years. Although it has also been 
known in the United States for a number of years, 
apparently being an introduction from abroad, 
there are relatively few published reports on the sub- 
ject here. 

The Massachusetts Experiment Station has dis- 
covered injury by this pest 19 times in the state 
since 1939. In 14 instances, actual specimens of the 
insect? were obtained, and in five other cases the 
injury to seasoned coniferous wood was so typical 
it seemed certain that this species was involved. 
Some infested buildings were quite old, at least one 
being of some historic interest. One house was re- 
portedly built about 1685. Typical complaints of 
home owners usyally included: (1) discovery of in- 
jured wood (Fig. 1, A); (2) occasional dropping of 
powdery “sawdust”; and (3) appearance of a few 


1 Contribution No. 918 of the Massachusetts Agricultural 
Experiment Station, Amherst. 

2 Most specimens were identified by Dr. W. H. Anderson or 
Dr. B. E. s, Section of Insect Detection and Identification, 
Entomology Research Branch, at Washington, D. C., but a 
few were identified by the author. Three pairs of ocelli on a 
cerambycid larva taken from old seasoned coniferous wood that 
shows a powder post beetle type of injury is strongly indicative 
of this species. 
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Fic. 1.—The old house borer and its injury. A. Cross section of beam showing sapwood portion injured by 
larvae. B. Larva. C. Typical oval exit holes of adults at surface of infested wood. D. Adult. 


oval exit holes on surface of wood (Fig. 1, C). Ina 
few instances, people also reported hearing “gnaw- 
ing” or “clicking” sounds in infested walls, an occur- 
rence that is commonly reported in the literature. 
In all known instances, except one, the infestations 
occurred between the vicinity of Worcester and the 
Atlantic coast. Towns where larvae or adults (Fig. 
1, B and D) were taken include: Acushnet, Ames- 
bury, Andover, Brockton, Chelmsford, East Wey- 
mouth, Fairhaven, Ipswich, Norfolk, Norton, Still 
River, and Nantucket Island. Typically injured 
wood was collected at Middleborough, Millbury, 
Provincetown, Watertown, and Westford. The one 


infestation found outside this area was at West 
Springfield in the Connecticut River Valley. At 
that location, a number of adults emerged from some 
wooden buildings at the old New England “village” 
of “Storrowtown” on the grounds of the Eastern 
States Exposition. Storrowtown is a group of old 
buildings collected at different points in New Eng- 
land and reassembled as an exhibit on the fair- 
grounds, 

This species may be more widespread in Massa- 
chusetts than our present records indicate. It may 
become a much more common pest. Certainly it is 
a problem for those who own infested buildings. 
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Repellents for Corn Earworm Control’ 
WituraM F, CuamBeriain® 


The most generally used method for control of 
the corn earworm is the use of a DDT-oil emulsion. 
Several disadvantages of this spray are recognized. 
The method is relatively expensive and its use is 
practical only on sweet corn or seed corn. Occasional 
burning of the foliage or reduction in pollination has 
resulted from the spray. The DDT-oil emulsion 
must be applied from 2 to 5 times during the silki 
period in order to obtain satisfactory control. 
Another method of control, that of using a brush 
to apply a DDT dust to the silks, has been employed 
to a considerable extent. This method is costly and 
of limited applicability. 

In order to attempt to overcome some of these 
objections a series of preliminary experiments were 
started on the use of repellents. The objective was 
to obtain a material that could be applied to large 
fields of corn by airplanes at the beginning of silking 
and with a single application obtain worm-free 
ears. The tests that were conducted with repellents 
showed that the corn earworm can be repelled by the 
use of suitable materials. The results obtained dur- 
ing 1953 are reported with the hope that further 
research on this subject will be stimulated. 

MetHops AND Marteriats.—A review of the 
literature reveals that many hundreds of materials 
have been suggested and tried as repellents against 
insects, but no records are known of chemicals being 
used as repellents against the corn earworm. The 
materials that were selected from this list were 
those generally recognized as insect repellents, espe- 
cially to moths. Many of the materials that were 
tested were either oils or solids that could cause 
plant injury if applied as a spray and were therefore 
tested as dusts in order to reduce their surface con- 
tact with the plant. The dusts were formulated by 
dissolving the repellents in acetone and making a 
slurry with distomaceous earth. The repellent dust 
mixtures, after drying and grinding when necessary, 
were ready for use. Some of the repellents tested had 
vapor pressures nearly that of acetone which resulted 
in an error in the actual amount of repellent in the 
dust at the time of application. No attempt was 
made to determine the final amount of repellent in 
the dust, but for some materials the actual amount 
may be 25 to 50 per cent less. 

The experiments were conducted in two fields of 
Ioana hybrid sweet corn. In June the treatments 
were made on the day after silks appeared or at the 
time they started to turn pink. Each dust was ap- 
plied with a shaving brush to 25 silks each day. Each 
ear was labeled with the material applied. Only one 
application was made to each ear, but it was neces- 
sary to continue applications for 4 days in order to 
have all the ears in the same condition of silk. The 
plots were therefore overlapping with no definite 
boundaries between test materials. One repellent 
followed another in the row so that on days when a 
large number of silks was in satisfactory condition 
the plots would be shorter than on days when there 
were less silks. Checks were established throughout 
the field. Results are shown in table 1. 

In August the plots were two rows wide and 50 
feet long. Two plots were used for each material 
tested. Data on the check ears were obtained from 
four plots. In this experiment the dusts were applied 
with a small puff-type duster to the individual silks. 
Dusting was started on the third day of silking. 
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Table 1.—Single application treatments with 
dusts for corn earworm control. June, 1953. 














Per Cent 
Tora. Ears 
—— Unin- Pollina- 

TREATMENT lars Worms _ fested tion 
Allethrin, 0.5% 77 178 0.0 81 
Pyrethrum, 2.0% 72 129 1.4 10 
Benzyl chloride, 50% 61 93 0.0 45 
idine, 50% 60 103 1.7 90 
Formaldehyde, 50% 56 89 1.8 81 
PDB, 50% 61 85 0.0 81 
Turpentine, 50% 64 95 17.2 72 
2-napthol, 50% 58 82 6.9 50 
Pine oi!, 25% 61 72 3.3 80 
Parathion, 1.5% 77 193 7.8 80 
Parathion, 15% 71 37 52.0 83 
Diazinon, 2.5% 42 47 21.0 85 
Diazinon, 25% 56 15 75.0 92 
Checks 126 253 0.0 93 





Applications were made on August 17, August 20, 
and August 24. Silks that had attained the pink 
stage were dusted on each date so that some silks 
received three applications while others received 
only one application of the dust. Results are shown 
in table 2. 

Discussion.—The tests with repellents were sub- 
ject to very severe infestations as more than two 
worms were found in each of the untreated ears at 
the time of picking. The number of worms found at 
harvest are not necessarily all that caused damage. 
In a number of ears only small worms were found, 


Table 2.—Multiple application treatments with 
dusts for worm control in sweet corn ears. August 
1953. 








NUMBER OF 





——— PererCent 

Corn Marxer- 
Tota Army- Ear- ABLE 
TREATMENT EaRS worms’ worms Ears 
Turpentine, 40% 131 33 192 24.4 
Pine tar oil, 40% 163 102 274 7.9 
Triethanolamine, 25% 131 107 160 5.4 
Parathion, 15% 119 1 30 85.6 
Diazinon, 25% 98 2 37 71.3 
Ovotran, 25% 164 119 255 15.2 
Checks 202 195 292 7.9 





but large areas of the kernels had been destroyed by 
more mature worms. Six of the materials tested 
repelled the corn earworm somewhat with at least 
one ear free of worms. Only the turpentine-impreg- 
nated dusts showed a degree of repellence that war- 
rants further testing. The 17-per cent noninfested 
ears obtained in the first experiment show that the 
corn earworm was repelled by the use of this ma- 
terial. If the infestation had averaged one worm or 
less per ear, a much higher per cent of noninfested 
ears would have resulted. All worms found in the 
ears in the June experiment were corn earworms. 
The control obtained with the use of turpentine dust 
was better than that shown by the 1.5-per cent 
parathion dust and approximately equivalent to the 
2.5-per cent Diazinon dust. Neither the pyrethrum 


1 Technical Contribution No. 220 from the Department of 
Entomology and Zoology, South Carolina Experiment Station, 
Clemson. . 

2 Associate Entomologist, South Carolina Experimert Sta- 
tion, Clemson. 
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nor allethrin dusts gave any degree of control. The 
most injury to pollination was caused by the 
pyrethrum dust. This injury was probably caused by 
the synergist, n-Octyl sulfoxide of Isosafrole in the 
formulation. Pollination was affected by all the ma- 
terials used in the June experiments. In the August 
experiments, however, there were no appreciable 
differences in pollination between the treated and 
untreated ears. The application of dusts with a brush 
caused some reduction in pollination that would not 
have resulted from applications made with the puff 
duster. 

The application of dusts to the silks caused them 
to turn brown faster than normal, but none of the 
materials tested showed any burning of the shuck 
or leaves when applied as a dust. Further tests with 
benzyl chloride are not recommended as this material 
is a very strong skin irritant. In table 2 the market- 
able ears include those ears noninfested or with no 
more than 1 inch of the tip of the ear damaged or 
infested by small worms. Of the repellents tried in 
August the turpentine showed some degree of con- 
trol while the pine oil and triethanolamine did not. 
The turpentine dust was slightly better than the 25- 
per cent Ovotran dust. Under field conditions the 
Ovotran evidently is not a satisfactory ovicide even 
at the high concentration used. The 40-per cent 
turpentine apparently had no effect on the number of 
corn earworms per ear, but greatly reduced the 
number of fall armyworms. 

SumMARY.—Preliminary experiments on the use 
of several repellents for the control of the corn ear- 
worm showed that 40 to 50 per cent turpentine gave 
17 per cent worm-free or 24 per cent marketable 
ears. In the untreated checks no ears were worm- 
free and only 7.9 per cent were marketable. Better 
control may be possible in a large field test as a 
result of the cumulative effect of the whole treated 
field. Other repellent materials may prove to be 
more effective than turpentine. The incorporation of 
turpentine and other materials into dusts eliminated 
the injury resulting from direct application or as 
emulsions with water. 





Termites in Citrus on Newly-Cleared 
Brushland 


H. A. Dean, Texas Agricultural Experiment 
Station, Weslaco 


The desert damp-wood termite, Kalotermes 
(Paraneotermes) simplicicornis (Banks) has been 
considered a minor pest of citrus. Under certain cir- 
cumstances, however, the insect has been known to 
become a serious pest of young trees near Weslaco, 
Texas. Bynum (1951) reported damage by the ter- 
mite in the Lower Rio Grande Valley of Texas as 
well as the distribution in the dry-land areas, espe- 
cially in recently-cleared brushland. Since more than 
5,000 acres of young citrus was known to be sub- 
jected to varying degrees of attack, the problem was 
investigated in order that damage caused by these 
termites might be reduced. 

During January, 1952, a citrus grower, north and 
west of Edinburg, Texas, complained of losing sev- 
eral young trees day after day as a result of termite 
attack. Such young trees usually showed symptoms 
of termite attack after considerable injury had been 
done to the root system. The grove provided an 
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excellent opportunity to study the termite problem. 
It was planted to oranges and grapefruit in 1946 and 
1947 immediately following the removal of brush. 
Cotton was interplanted for several years in order 
that the grower might receive some income from the 
land while the trees were growing to the productive 
stage. Termites were found around vegetation only 
in the tree row area. The pest was not found in the 
cultivated, or interplanted, area. 

A real problem occurred when the trees were 
banked for freeze protection. Weeds had been 
allowed to grow between the trees within the row 
for wind protection for the trees and to reduce wind 
erosion. Such coverage had apparently been ade- 
quate to maintain the termites for the previous 
years. When the area between the trees became too 
dry, the termites no doubt moved toward the moist 
area around the trees which was kept from drying by 
tank-watering. It seemed apparent that in many 
cases, termite-infested soil was thrown about the 
trees while banking. 

The first observable symptom was the withering 
of the leaves. When such trees were dug, usually the 
tap root was found to be cut off by termites below 
the main laterals. After the tap root had been 
severed, the termites would start feeding upward 
toward the trunk of the tree. Trees dug early at the 
first signs of the leaves withering, treated for ter- 
mites and planted again were found to be capable of 
growing a new tap root. Dead wood in the area just 
below the main lateral roots must be considered an 
unhealthy condition for the future welfare of the 
tree. 

MATERIALS AND Metuop.—The danger of freez- 
ing was not over during January but the banks of 
trees in every other tree row were removed to com- 
pare the treatment of three insecticides of banked 
versus unbanked trees. Six-foot watering rings were 
the basis from which dosages of insecticides were 
figured. Since 60 gallons of water seemed to be the 
necessary gallonage to distribute the diluted insecti- 
cide in the root zone of 14 to 15 inches in depth, 
dosages were figured for the distribution of 0.5, 1.0 
and 2.0 pounds chlordane per 50 trees. Aldrin and 
parathion dosages were figured at one-fourth the 
above amounts. Tank trucks with a capacity of 
1800 gallons were made available for application of 
diluted insecticide. The tanks were filled from a 5- 
inch head of water connected to a well with poor 
water. Thorough mixing of the solutions seemed 
assured as the tanks were filled in less than 3 min- 
utes. Since watering was a necessary operation, addi- 
tional cost of application was only that of the insecti- 
cide. A total of 478 trees was treated. 

Resutts.—A dosage of 60 gallons of water per 
tree penetrated to a depth of 20 inches for the 
banked trees. After 5 hours, the soil was found moist 
only within 8 to 10 inches of the tap root. The same 
amount of liquid penetrated to a depth of 14 to 15 
inches to adequately disperse the insecticidal solu- 
tion about the lateral roots of unbanked trees. 

Of the treated trees, only six trees were found to 
have termites around the roots during the test 
period following application. Two, banked, check 
trees of a comparable number of trees per individual 
insecticidal treatment were killed by termites. Two 
dead, unbanked trees that were known to have had 
termites before treatment with the low dosage of 
parathion, were found to have termites 3 months 
later. Termites were found in June in one unbanked 
tree treated with the heavy dosage of parathion. 
The tree was fourth from the last tree treated with 





366 JOURNAL OF Economic ENTOMOLOGY 


the tank mixture which failed to either prevent 
damage or movement to the tree by the termite. 
Termites were found around the roots of one un- 
banked tree, treated with a low dosage of aldrin, at 
the close of the tests. At the same time, two un- 
banked trees, treated with the high dosage of aldrin, 
were placed in the doubtful category. One tree had 
termite damage symptoms while the other died of 
questionable causes. One low-dosage-chlordane 
treatment to an unbanked, dead tree, failed to stop 
the termites from working in the tap root just below 
the trunk. A banked tree, treated with the medium 
dosage of chlordane, was found on February 19th 
to have the tap root cut off. Although the top of the 
tree was small, the tree had recovered and had re- 
sumed growth. 

Observations were made 20 and 77 days after 
treatment for termites around vegetation between 
the trees. The number of termites was roughly pro- 
portional to the amount of vegetation, 

Discussion.—Although termites might have been 
absent in the initial samples, the pest could have 
been present in areas under the tree where samples 
were not taken. However, any termites found during 
the observational period or at the conclusion of the 
tests indicated failure of the treatment. Records 
then indicated the kill of the termites initially, if 
present, and/or protection of the roots from termite 
movement from outside the watering rings. 

Lateral water penetration in banked trees was 
found insufficient to allow the insecticide in solution 
to move closer than 8 inches of the tap root. The 
liquid, in the dosages applied, moved almost straight 
downward and about one-third the dosage moved 
below the lateral root zone. It seemed that if ter- 
mites were present at the tap root when application 
was made, the liquid could not make contact at this 
point of attack in such loose soil around banked 
trees. 

Once the insecticide was distributed in the root 
zone, subsequent waterings would be expected to 
dilute the insecticide by leaching. Such reduction in 
dosage would permit the termites to move in from 
vegetation outside the root zone. Since little or no 
rain fell during the 4 months following treatment and 
irrigation water was not available, subsequent treat- 
ment with insecticides was considered unnecessary. 

The best indication of the comparative effective- 
ness of the insecticides against the termite was ob- 
tained on those trees that were dead at the beginning 
of the test. Such tree stumps could be removed 
easily and if found infested the treatment could 
be ruled ineffective against termites already in the 
trunk of the tree. However, the solutions might have 
failed to reach them in the trunk, particularly in 
banked trees. 

SumMaAry.—Observations indicated that planting 
citrus near Weslaco, Texas on recently-cleared 
brushland is a poor practice, particularly in the dry- 
lands area with lighter soils. It was indicated that if 
such land was planted to row crops for at least 3 
years with particular care being given to the removal 
of wood from the soil, the termite problem would be 
greatly lessened. 

Lateral penetration of insecticidal solutions was 
found to be insufficient with banked trees to reach 
termites in the area just below the trunk. The dis- 
tribution of insecticidal solutions below the lateral 
root zone was considered valueless. Rains or subse- 
quent waterings would be expected to dilute the 
insecticide and allow termites to move from outside 
the rings when the residual insecticide became in- 
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effective. Subsequent treatment might then be 
required. 

Termites were found around the roots of six trees, 
18 days or more after the application of certain 
treatments with parathion, aldrin, and chlordane. 
Termites were not found about the roots of trees 
treated with chlordane at a dosage of 1 pound, or 
more per 50 trees. 
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Walnut Aphid Resistant to Parathion 
in Northern California 


A. E. Micuevsacuer,! O. H. FuLiMer,? 
C. C. Cass? and C. 8. Davis! 


One of the most alarming situations confronting 
economic entomologists is the selecting out or the 
development of resistance by insects to certain of the 
new insecticides. This turn of events threatens the 
beneficial and continued economical use of some of 
our key insecticides now used in control programs 
directed against given insects. In the course of 
walnut insect investigations conducted during 1953, 
a strain of walnut aphid, Chromaphis juglandicola 
(KItb.), was encountered in the San Jose area that 
exhibited definite resistance to parathion. Attention 
was first called to the problem by a grower who found 
that he could no longer control the aphid with 
dosages of parathion that formerly resulted in excel- 
lent control. He first encountered the difficulty in 
1952 and since then, in order to obtain control, he 
has had to gradually but constantly increase the 
dosage of parathion. 

In order to determine the degree of resistance, 
tests were conducted in which the resistant San 
Jose strain was compared with a non-resistant 
strain collected at Walnut Creek, California. The 
two populations were compared by exposing aphids 
on walnut leaves to different amounts of a 0.5 per 
cent parathion dust by means of a vacuum bell 
jar duster. The procedure used was to count the 
aphids on freshly gathered walnut leaves, dust the 
leaves and then hold them for 4 hours at which time 
mortality counts were made. All tests were repli- 
cated and adequate checks were maintained. 

The results obtained are shown in figure 1, as a 
log dosage—probit plot. It is seen that 140 mg. of the 
0.5 per cent parathion dust was required for the LD5o 
level of the San Jose strain while only 20 mg. of the 
dust was required for the LDso of the Walnut Creek 
strain. This indicates a sevenfold resistance to 
parathion on the part of the San Jose aphids. It may 
be further noted that the slope of the regression line 
for the resistant San Jose population is typically less 
steep than the Jine for the non-resistant Walnut 
Creek aphids. 

In order to obtain additional information on re- 
sistance, a field test was conducted on the San Jose 
aphids. Treatments were applied with the latest 
model high capacity air-carrier sprayer. One block 
of trees was sprayed with parathion 25 per cent 


1 University of California, Berkeley, 
2 Niagara Chemical Division; Food Machinery and Chemical 
Corporation. 
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Fig. 1.—Log probit mortality curve for non-resist- 
ant Walnut Creek strain of the walnut aphid as 
compared with that of the resistant San Jose strain. 
Open squares and circles, tests run August 14, and 
solid squares and circles, tests run August 21. 


wettable powder at the rate of 2 pounds per acre in 
100 gallons of water. A second block was treated 
with 14 per cent nicotine dry concentrate at the 
rate of 9 pounds per acre in 100 gallons of water. The 
amount of parathion and water used was twice that 
normally recommended, while the nicotine dosage 
was increased from approximately 7 to 9 pounds, 
and the water from 50 to 100 gallons. The results 
are given in table 1. 


Table 1.—Comparison of parathion and nico- 
tine dry concentrate for control of the walnut 
aphid.! 








AVERAGE NUMBER OF APHIDS PER 
LEAFLET ON Dates GIVEN 


Aug. Aug. Sept. Sept. Sept. 
TREATMENTS? 213 24 4 11 17 
25% parathion wettable 
powder—-2 pounds 27.3 1.3 12.4 15.0 19.8 


14% nicotine dry con- 


centrate—9 pounds 27.3 0.4 0.5 1.0 1.9 





1 At San Jose, California, where resistance to parathion was 
shown. 

2 Approximate amounts applied per acre in 100 gallons of 
water. 

3 Before treatment. 


Although the parathion resulted in a marked re- 
duction in the aphid population, the kill was consid- 
ered unsatisfactory, because for good control with 
parathion, the aphid population should be aimost 
entirely eliminated from the treated area. This 
is believed to be necessary because of the ad- 
verse effect parathion exerts on natural enemies. 
The initial mortality obtained with the nicotine 
treatment was less than expected, but the control 
was good. The treatment exerted no marked harm- 
ful effect upon the natural enemies, and they pro- 


ceeded to hold the aphid in check. The rate of 
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increase in the parathion block would have been 
much more rapid if it had not been for a rather 
heavy invasion of predators which tended to curb 
the aphid population. The predator increase in this 
plot was unusually rapid. 

The grower had a portion of the orchard not 
under experimentation treated by a commercial 
pest control operator. The dosage of parathion 25 
per cent wettable powder needed to give satisfac- 
tory control was roughly 3 pounds per acre which is 
a threefold increase over the usually recommended 
dosage. 

Specimens of the resistant San Jose strain and the 
non-resistant form from Walnut Creek were sub- 
mitted to Professor E. O. Essig for study. He re- 
ported that he could not detect any morphological 
difference between the two strains. 





Mold Control in Fly Rearing Media 
Dewey E. Born, Ohio State University, Columbus 


One of the problems connected with rearing house 
flies is that of mold formation in the larval media. 
When severe, such growths can destroy the develop- 
ing maggots. This problem has been solved at the 
Ohio State University by the addition of a 1-inch 
layer of sand to the top of the jars of CSMA fly 
rearing media 48 hours after seeding with eggs. This 
time lapse is critical due to the fact that addition 
of sand at an earlier time will inhibit or prevent 
hatching. 

Sand itself is not fungistatic or fungicidal. This 
has been shown by placing a layer of sand on jars 
of media which have not been seeded. In each case 
an abundance of mold was observed in the jar. 

Unless overcrowded, the larvae are not found in 
the top portion of the media. It is in this area that 
the mold first appears. With the addition of sand 
the “working” depth of the media is increased and 
the larvae are active up to the sand layer. It is 
believed that the activity of the maggots in the 
upper portion of the media prevents the formation of 
mold. 

The majority of last instar larvae will pupate 
within the sand layer. Collection of pupae is greatly 
simplified by sifting this upper layer through a 
number-10 sieve, which will pass most of the sand, 
leaving the pupae. 

This method has also been used successfully for 
rearing stable flies. The procedure is the same as with 
house flies, with the exception of one additional 
step. To insure proper distribution of pupae in the 
sand layer, the sand must be moistened 1 day prior 
to the expected date of pupation, otherwise pupa- 
tion will occur at the sand-media interface. 


Effectiveness of Certain Insecticides 
against the Spiny Bollworm in Iraq 
R. L. Watker,! Entomology Research Branch, 
Agr. Res. Serv., U.S.D.A., and Haar SALeu 
Harpart, Abu Ghraib Experimental 
Farm, Iraq 

The spiny bollworm, Earias insulana (Bvd.), is a 
pest of cotton in all cotton-growing countries from 


1 On leave of absence in Iraq with the Food and Agriculture 
Organization of the United Nations during 1952. 
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Thailand and India west to the Mediterranean Sea 
and in Africa. It has also been reported from Spain 
and Sicily. It is the major pest of cotton in Iraq. 
In some years losses in yield of seed cotton caused by 
this insect are undoubtedly as high as 80 per cent, 
and it is not unusual for an individual grower to lose 
all of bis crop. 

From 1937 through 1951 limited tests were con- 
ducted by personnel of the Entomology Department 
of the Abu Ghraib Experimental Farm in Iraq in 
an effort to find a chemical control for the spiny 
bollworm. Calcium arsenate, lead arsenate, sodium 
fluosilicate, barium fluosilicate, and a mixture of 
BHC and DDT were tested as dusts. It was re- 
ported (unpublished) that little or no control was 
obtained with these materials. 

In 1952 two small-plot tests were conducted on the 
Experimental Farm to determine the efficacy of 
several chlorinated hydrocarbon insecticides applied 
as emulsion sprays. 

MarTerIALS AND ProcepurRE.—A _ Latin-square 
design was used in both experiments, with the 
untreated check area completely surrounding the 
experimental area. 

In experiment 1 endrin and dieldrin were tested 
at 1.5 and 2 pounds of technical material per acre 
on plots 10 rows wide and 41 feet long. Eight appli- 
cations were made between July 16 and September 
28. In experiment 2 endrin was used at 0.5 and 1 
pound, dieldrin at 1 pound, and toxaphene at 6 
pounds per acre on plots 18 rows wide and 65.6 feet 
long. Eight applications were made between August 
10 and October 13. Both experiments were conducted 
on Coker 100 Wilt cotton. 

A 5-gallon pneumatic sprayer equipped with a 
pressure gauge was used to apply the insecticides. 
The spray boom was equipped with one nozzle per 
row, which delivered approximately 30 gallons of 
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spray per acre when carried through the field at a 
normal walking rate and maintained at a pressure of 
about 60 pounds per square inch. Insecticide appli- 
cations were made before 8 a.m. when the air was 
fairly calm. 

The square and boll injury was determined by 
examining 100 squares and 100 green bolls selected 
at random on the four middle rows of each plot. 
In experiment 1, 14 records of injured sc uares were 
taken between July 20 and October 2 and of injured 
bolls between August 16 and November 12. One 
record of the bolls infected with boll rot fungi was 
made on November 5 by counting the number of 
such bolls found on 150 feet of row in each plot. 
In Experiment 2, eight records of injured squares 
were taken between August 16 and September 29, 
and six records of injured bolls between October 7 
and November 12. One record of the number of 
pupae found on 24 square feet of soil surface was 
made at two locations in each plot on January 22, 
1953. Yield records were obtained for experiment 2 
only, by picking all the cotton in each plot. 

FieLtp Conpitions.—All cotton is grown under 
irrigation in Iraq, as there is no rainfall from June 
through October. Fields are usually irrigated about 
15 times during the growing season, the last irriga- 
tion about the first of October. Owing to irrigation 
and climatic conditions, there are two distinct 
growth flushes, or periods of maximum fruiting, of 
the cotton plant. The first flush generally occurs 
during June and the second begins about the middle 
of August. 

Resutts.—The spiny bollworm was the only 
economic pest observed on cotton during the 1952 
season. In experiment 1 endrin, at both rates of 
application, gave significantly better bollworm 
control than dieldrin as evidenced by the average 
per cent of square and boll injury (Table 1). There 


Table 1.—Effectiveness of endrin, dieldrin, and toxaphene against the spiny bollworm. Abu Ghraib 


Experimental Farm, Iraq, 1952. 








AVERAGE Per CENT 


PouNDS OF or InsURED— 
Toxicant. ————_— 
PER ACRE Squares Bolls 


TREATMENT 


Experiment 1 


Endrin 2.0 12.4 6.8 
1.5 LZ..2 6.2 
Dieldrin 2.0 15.5 12.4 
1.5 16.4 12.5 
Untreated check — 35.9 50.1 


Difference required 
for significance 


5% level 15 3.0 
1% level 2.4 4.5 
Experiment 2 

Endrin 1.0 BI | 4.7 
0.5 i? ..7 7.5 

Dieldrin 1.0 22.3 21.4 
Toxaphene 6.0 19.7 17.4 
Untreated check — 50.5 68.7 


Difference required 
for significance 
5% level 5.0 7.3 
1% level 7.6 o1.1 


— 150 Feet Feet of Soil 


AVERAGE NUMBER 





PouNpDs OF SEED 
CoTToN PER ACRE 


Of Pupae 

Of Rotted per 48 
Bolls on Square —— 
Gain Over 





of Row Surface Total Check 
58 ~~ _ 
68 _ — 
86 — — 
72 - - 
307 — — _ 
— 7 1580 1249 
—_ 5 1369 1038 
=— 17 1165 834 
— 15 1285 954 
— 38 331 
8 158 
12 243 











fly 
cid 
19. 
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was no significant difference in control between the 
two dosages of either insecticide. Both gave excellent 
control compared with that of the untreated check. 

Field observations showed a positive relationship 
between the degree of injury caused by the spiny 
bollworm and the number of bolls infected with boll 
rot fungi. Apparently the penetrations of the boll 
wall during feeding afforded an entry for the boll 
rot fungi. Two fungi were found in this field, 
Rhizopus nigricans Ehr. and Aspergillus niger 
Tiegh. There was no significant difference between 
treatments with respect to the number of bolls found 
infected with these two fungi. Records made in the 
surrounding untreated check area showed approxi- 
mately five times as many rotted bolls as were 
found on the plots treated with endrin. 

In experiment 2 insecticide applications were 
started on August 10, when a preapplication count 
showed that over 50 per cent of the squares were 
injured. 

Endrin at both 0.5 and 1 pound per acre gave 
significantly better bollworm control than either 
dieldrin at 1 pound or toxaphene at 6 pounds (Table 
1). There was no significant difference in control 
between the two rates of application for endrin. 
Toxaphene gave slightly better control than dieldrin, 
although the difference was not significant. The 
higher dosage of endrin gave a significantly greater 
yield than any of the other treatments and the lower 
dosage a significantly greater yield than dieldrin. 
There was no significant difference in yield between 
toxaphene and dieldrin treatments. All treatments 
gave excellent increases in yield when compared 
with that of the untreated check 

The bollworm control and yields obtained in this 
experiment are outstanding, considering the fact 
that insecticide applications were begun late in the 
season and under conditions of an extremely heavy 
infestation. 

Discusston.—A build-up of spider mites, Tetra- 
anychus sp., developed during September in experi- 
ment 2. No population counts were made; however, 
observations showed that the infestation was con- 
siderably heavier in the plots treated with endrin 
and dieldrin than with toxaphene or on the untreated 
check plot. One application of dusting sulfur gave 
fair control. 

Observations in cotton fields during December 
showed that many pupae of the bollworm could be 
found attached to the soil surface or to such surface 
debris as shed bolls or leaves. A count made in 
January in experiment 2 showed that there were sig- 
nificantly more pupae found on the soil surface in the 
plots treated with toxaphene and dieldrin than with 
endrin. All treated plots had considerably fewer 
pupae than the untreated check plots. 


4 Method for the Evaluation and Re- 
treatment of Insecticide-Treated 
Cotton Strings Used for 
House Fly Control 
R. C. Becuten and A. A. Grigarick, University 
of California, Davis 


As a supplement to the sanitary measures of the 
fly control program on the Davis Campus, insecti- 
cide-treated cotton strings were used during the 
1953 season, In order to obtain an indication of the 
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effectiveness of two organic phosphates and the 
string method of control, a new system for collecting 
flies under field conditions was used. Also, a rapid 
method of string retreatment was devised. 

Three-foot lengths of #16 cotton string previously 
soaked in various insecticide concentrations and 
sugar solutions (Table 1) were tied, one string each, 
to flat, circular, cardboard trays 9.5 inches in di- 
ameter and with a 0.75-inch lip by means of previ- 
ously attached tray strings. The lower end of the 
treated strings terminated approximately 3 inches 
above the trays. These treated strings together with 
their trays were then placed at intervals of 2 feet 
on beams in an animal barn by means of staples. 
Tray collections and counts were made every 3 days 
for a period of 36 days. The results are given in 
table 1. 


Table 1.—Experiment on house flies using 
emulsion-treated cotton strings. 








AVERAGE 
MATERIAL OricgiInAL NuMBER NUMBER 
AND Conpit1ion or Rep- oF Dean 
Per Cent AppITIVE OF STRING LICAS Firs! 
Malathion, 5 sugar, 10% new 4 9368 
Malathion, 5 sugar, 10% _ fly-specked 4 1027 
Malathion,? 5 sugar, 10% fly-specked 2 1643 
Malathion, 50 sugar, 10% new 4 596 
Diazinon, 5 none new 4 860 
Diazinon, 5 sugar, 10% new + 912 
Diazinon, 5 sugar, 10% _ fly-specked 4 1434 
Diazinon, 25 none new 4 77 
Diazinon, 25 sugar, 10% _ fly-specked 4 777 
Check — none new 2 37 
Check — sugar, 10% new 2 88 





1 The final averages were obtained by totaling the averages 
of each 3-day count. 

2 These were retreated strings which had been in use for 3 weeks 
prior to the test and were not treated again before their inclu- 
sion in the test. 

3 Although fly populations fluctuated somewhat and fell off 
due to weather conditions near the end of the test, there was 
no observed decline in killing power of any of the strings during 
the 36-day period. 


The flies collected on each tray were not consid- 
ered to be the total kill since the insecticides em- 
ployed may not have caused immediate death. Also, 
during daylight hours there was some movement 
between and away from the strings or away from 
the trays. At night, however, the habits of the flies 
were such that the majority of those affected while 
resting upon the strings fell into the trays. The 
placement of the strings and trays in a semi-open 
area, which was subject to excessive air currents, 
occasionally gave incomplete results due to the 
swaying and tilting of the apparatus. Placing the 
strings and trays directly over the animal stalls in 
order to secure the most effective results also re- 
quired elevating them to a height where they were 
not disturbed by the animals. 

In areas where no tests were conducted, strings 
impregnated with 10 per cent sugar together with 
either 5 per cent malathion or 5 per cent Diazinon 
and without collection trays had already been in use 
for several months. Although no decrease in residual] 
action was shown during the test period, observa- 
tions during the previous months indicated that 
replacement at various intervals by retreated or new 
strings gave increased kills. Consequently, because 
removal, retreatment, and rehanging, or replacement 
with newly treated strings was too time-consuming, 
the following method was used. A glass tube 3 feet 
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in length, 1 inch in diameter and closed at one end 
was inserted into a protective aluminum pipe which 
was slightly larger in diameter, but shorter in length. 
The extended part of the glass tube made the level 
of the solution visible. It was not necessary to 
weight the bottom end of the strings before retreat- 
ment because they had originally been impregnated 
with 10 per cent sugar and therefore became stiff 
upon drying. The resulting lack of buoyancy of the 
strings made treatment with the tubes very easy. 
After submerging the string in the solution it was 
allowed to remain momentarily and then the tube 
was slowly withdrawn in order to permit some 
drainage. 

Despite several disadvantages, it appears that 
field data may be obtained for checking the effec- 
tiveness and residual action of treated strings by use 
of the tray method. Also, retreatment by the tube 
method is economical from the standpoint of equip- 
ment, amount of insecticide, and personnel required. 


An Introduced Slug, Arion ater (L.), 
and Its Control with Metaldehyde 


Cuar.es F. Doucette, Entomology Research 
Branch, Agr. Res. Serv., U. S. D. A. 


An introduced slug has recently become abundant 
in western Washington. Specimens have been deter- 
mined as Arion ater (L.) by H. A. Rehder, of the 
U.S. National Museum. 

This slug was first reported in the Pacific North- 
west by Thompson (1942). In his reports of its occur- 
rence in Multnomah County, Oregon, he stated that 
it had previously been known to occur only in one 
locality in the United States, a garden in Detroit, 
Michigan. Glendenning (1952) has reported it in 
British Columbia. John E. Davis (in correspondence) 
stated that Oregon Department of Agriculture rec- 
ords indicate that the slug is abundant at several 
coastal locations in Oregon as far south as Rockaway 
(Tillamook County) and in the Willamette Valley 
at Salem. 

Current information indicates that Arion ater is 
present in the territory extending from Marion 
County, Oregon, northward through Washington 
into British Columbia, on the west side of the Cas- 
cade Mountains. Since 1948 this slug has become 
the dominant species affecting gardens in the lower 
Puget Sound area of Washington. Complaints have 
been frequent that the slug baits on the market 
were ineffective against this species. 

General observations of the habits of Arion ater 
have been made at Sumner, Washington. These 
slugs start moving out of their daytime hiding 
places as dusk approaches, and feed on many types 
of plants during the night. This activity continues 
through the spring, summer, and early fall. There 
seems to be a single generation annually, and the 
winter is spent mainly in the egg stage or as very 
young individuals. A few of the older slugs live 
through the winter under special protective con- 
ditions. In the spring the slugs are small. They grad- 
ually increase in size and reach maturity in the 
summer. During the summer months, when nar- 
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cissus bulbs were being dug at Sumner, the half- 
grown or larger slugs were frequently encountered 
hiding in crevices in the soil and sometimes close to 
the bulbs. A few egg masses were observed as early 
as mid-July, but the peak of egg laying occurs in 
late August and early September. The presence of 
very small slugs during October and later in the 
autumn indicates that the earlier deposited eggs 
hatch before winter. 

During the summer of 1953 it was estimated that 
there were approximately 20,000 slugs in the 3 
acre devoted to the growing of narcissus bulbs 
in the laboratory plot at Sumner. The harvesting 
of these bulbs in July cleared much of the vegeta- 
tion from the soil surface, and the slugs that were 
not killed during the digging operations moved into 
the grass and mixed weeds at the margins of the 
plot. This situation provided an opportunity to test 
insecticides against the slugs. 

As a preliminary operation the soil adjacent to 
the margins was tilled lightly to retard new weed 
growth and then raked smooth. About 1 foot from 
the grassy growth 5 grams of a dust containing 15 
per cent of metaldehyde was applied to the soil 
surface in a narrow band 10 feet long. In an adjacent 
strip, also about 1 foot from the plot margin, 37 
grams of a pellet bait containing 2 per cent of 
metaldehyde in a bran base was applied in a similar 
10-foot band. The dust was effective for 5 days, 
during which 16 slugs were killed. The bait was 
effective for 12 days, during which 50 slugs were 
killed. 

In a second test a pair of similar bands were placed 
on slightly dampened fallow soil the day after a 
light rain. The same quantity of dust was used, but 
only half the quantity of bait. The effectiveness of 
the dust lasted for 7 days and of the bait 8 days. 
Thirteen slugs were killed by the dust and 52 by the 
bait. All the slugs killed were Arion ater, with the 
exception of seven large gray garden slugs killed 
by the bait. 

The comparison of the effectiveness of the two 
forms of metaldehyde on fallow ground indicates a 
marked superiority of the bait over the dust. How- 
ever, when the bait was applied in vegetable or 
flower gardens, it was only moderately effective. It 
did not seem to attract the slugs when in competi- 
tion with plant foliage. In contrast, narrow bands of 
the 15-per cent dust were very effective when spread 
along the edges of flower beds or around locations in 
vegetable gardens where the slugs hide during the 
day. This effectiveness appeared to be due to placing 
the dust in such situations that the slugs would 
cross the bands during their nocturnal migrations 
During the period of these tests there was very 
little rainfall, and the dust strips remained effective 
for 6 or 7 days in the absence of rain. The dust ap- 
parently lost its effectiveness after precipitation of 
0.25 inch or more. 
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DEDICATION OF NEW ENTOMOLOGY RESEARCH 
LABORATORIES AT ORLANDO, FLORIDA 


On March 20, 1954 new entomology re- 
search laboratories were dedicated at Or- 
lando, Florida by the Hon. Ezra Taft 
Benson, Secretary of Agriculture and Dr. 
H. N. Worthley, Office of the Assistant 
Secretary of Defense for Research and 
Development. 

The laboratories will provide excellent 
facilities for continuing research on the 
control of insects of medical importance to 
military personnel. The research programs 
at Orlando are conducted by the Ento- 
mology Research Branch, Agricultural 
Research Service, U. S. Department of 
Agriculture with funds made available by 
the Department of Defense. The research 
at Orlando has been under way since 1942 
with funds provided by the Office of Scien- 
tific Research and Development and by the 
Department of Defense. 

Representatives of a number of federal, 
state and industrial institutions were 
present for the occasion, including the De- 
partment of Agriculture, Department of 
Defense, U. S. Public Health Service, 
Tennessee Valley Authority, Florida State 
“experiment Station, Florida State Board 
of Health, National Pest Control Associa- 
tion, National Agricultural Chemicals 


Association, Chemical Specialties Manu- 
facturers Association, Entomological Soci- 
ety of America, Florida Anti-Mosquito 
Control Association, and others. 

The dedication ceremony was also at- 
tended by a number of members of the 
United States Congress, the Florida State 
Legislature, Florida State Cabinet,” and 
Florida State Agricultural Associations. 
These distinguished visitors were intro- 
duced by Mr. J. A. Mulrennen, Florida 
State Board of Health. 

Secretary Benson and Dr. Worthley in 
their dedication addresses praised the con- 
tributions of the Orlando laboratory in 
protecting military and civilian personnel 
from attack by insects and from diseases 
transmitted by insects. The statements by 
these distinguished representatives of the 
U.S. Department of Agriculture and the 
U.S. Department of Defense, respectively, 
indicate the growing recognition of the 
significant role that entomology plays in 
our nation’s welfare. 

We are happy to have the privilege of 
submitting for publication the addresses 
by Secretary Benson and Dr. Worthley in 
dedicating the new laboratory at Or- 


lando.—E. F. K. 


DEDICATION STATEMENT FROM THE 
DEPARTMENT OF DEFENSE! 


First, I bring you greetings from the 
Secretary of Defense, Mr. Charles E. Wil- 
son, and from the Assistant Secretary for 
Research and Development, Mr. Donald 
A. Quarles. They regret their inability to 
join Secretary Benson on this pleasant oc- 
‘asion. It is a great pleasure for me to rep- 
resent them, however, not only to join in 
this ceremony but also to renew old associ- 
ations and to come to the pleasant city of 
Orlando to do so. 

For the people of Orlando, during the 
dark years of World War I, when our 
country was straining its every sinew to 
produce the means to destroy our enemies, 
it must have been a source of quiet satis- 
faction to realize that among them were 
working, at top speed and with all their 
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skill, a small band of researchers whose 
mission was not to destroy life but to 
preserve it. 

The program at the Orlando Laboratory 
has always been strongly endorsed in the 
Department of Defense. It is a fine exam- 
ple of the continuing effort of the Depart- 
ment to have its needs supplied by those 
who can best fill them, rather than to 
create its own competing organizations. 
To this end the Department attempts to 
enlist the help of other governmental 
agencies, of the universities, of industry, 
wherever the necessary competence exists. 


1 Remarks by Dr. Harlan N. Worthley, Office of the Assistant 
Secretary of Defense (Research and Development) at dedication 
of Entomology Research Laboratory of the United States De- 
partment of Agriculture at Orlando, Florida, 20 March 1954. 
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In this case, the needs of the Armed Serv- 
ices for means to control insects of medi- 
‘al importance, to protect military sup- 
plies and equipment from insect damage, 
and to develop the necessary chemical 
standards, testing services, formulations, 
and military specifications were entrusted 
to the Department of Agriculture to sup- 
ply. Its entomologists possessed the ad- 
ministrative ability and technical back- 
ground to plan, initiate, direct, and con- 
duct research and development in this 
area. most expeditiously and economically. 
The Department of Agriculture was will- 
ing to accept this additional burden, and 
others as well. 

How splendidly this program has paid 
off during the war and since, remains for 
others to tell. It suffices for me to say 
that through prompt application of the re- 
sults of this program thousands of soldiers, 
sailors, airmen, and marines are alive and 
well today who might otherwise be dead or 
crippled, and millions of dollars worth of 
military stores and structures have been 
saved from destruction. 

The new facilities that we are dedicat- 
ing today express the intention to con- 
tinue this program. The experience in 
Korea explains why this is necessary. 
When it was discovered that the lice en- 
countered there were resistant to DDT, 
we faced the imminent threat of an out- 
break of louse-borne typhus that would 
have decimated the military forces and 
civilian populations alike. Had the small 








laboratory program at Orlando been aban- 
doned it would certainly have taken a 
year or more to organize an investigation 
and find a solution to the problem. In fact, 
a solution was found here within three 
months, and the threat of a serious disease 
situation disappeared. 

Several agencies of the Armed Forces 
have presented their problems to the Or- 
lando laboratory and have assisted in its 
program. The Army Surgeon General, the 
Quartermaster General, the Chief of En- 
gineers, the Chief Chemical Officer, work- 
ing through the Army Committee on In- 
sect and Rodent Control, and their coun- 
terparts in the Navy and Air Force, have 
reaped the benefits of this program. And 
health agencies from all over the free 
world now look to this laboratory for 
leadership and help in the problems of in- 
sect-borne disease. 

The annual savings to the Armed Serv- 
ices from the work of the Orlando program 
exceed its cost many times over. No dollar 
value can be placed upon its contributions 
to the health of our servicemen and of 
people everywhere. Those responsible are 
very modest about it all. True researchers, 
they ask little beyond a decent recognition 
and application of their findings and the 
means to do a better job. Mr. Secretary, 
the Department of Defense is pleased to 
join you in giving the staff of the Orlando 
laboratory the improved opportunity rep- 
resented by the new laboratory that we 
are dedicating here today. 


THE VALUE OF RESEARCH’ 


It is a privilege and an honor to be here 
with you on this memorable and historic 
occasion. This is a glorious day. 

I always appreciate the opportunity to 
come to Florida—especially in the winter, 
while much of this nation still has winter 
weather. 

I love Orlando. Your city, with its gar- 
dens and trees, its lakes and parkways, is 
delightful. 

I want to express my deep appreciation 
for all the kindnesses I have received from 
this very hospitable community and from 
your distinguished state officials. But 
most of all, I am glad to be here because 
of what this great Entomology Research 
Laboratory here in Orlando represents. 


Too often when we talk about the value 
of agricultural research we think only in 
terms of material benefits. But when we 
consider the research here at this Labora- 
tory, we realize that it far transcends ma- 
terial considerations. We cannot begin to 
estimate the value of the work done here 
with DDT and other new insecticides. It 
It has saved countless people from death 
due to insect-borne diseases. It has raised 
health standards throughout the world. 

Twelve years ago—in 1942—in response 
to the urgent request of military advisors 
on health problems, the Department of 


1 Remarks by Secretary of Agriculture Ezra Taft Benson at 
dedication of Entomology Research Laboratory, Orlando, 
Florida, March 20, 1954, 
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Agriculture assigned some of its most ex- 
perienced and capable entomologists and 
other specialists to concentrate on re- 
search to protect our military personnel 
against insect diseases. Funds were pro- 
vided by the Office of Scientific Research 
and Development of the National Emer- 
gency Council. 

The scientists here at Orlando were con- 
fronted by a tremendous job. Our armed 
forces were scattered around the globe— 
in places where many kinds of disease- 
carrying insects were rampant. They had 
to act fast. There was no time for long 
drawn-out, methodical research. They 
had to cut corners wherever possible. 
They had to keep in close touch with in- 
dustry, which assumed the responsibility 
of manufacturing or formulating the prod- 
ucts. They had to consult with toxicolo- 
gists, who had the responsibility of judg- 
ing if the materials were safe to use on 
man. 

We know what happened. Insecticides 
were developed that no doubt saved 
thousands of lives and prevented the loss, 
through disease, of hundreds of thousands 
of man-days. Science gave us effective 
weapons against lice, mosquitoes, and 
flies. These insects can cause as much 
damage as the human enemy in time of 
war. In 1945 the Army and Navy actually 
treated entire islands in the Pacific and 
extensive areas in other war theaters to 
control mosquitoes and flies. In 1944 a 
typhus epidemic was raging in Naples, 
Italy. It was stopped in its tracks by the 
use of DDT. 

There are always many unsung heroes 
in war. There are always a few to whom 
the many owe more than they ever know. 
So it was here at Orlando. Between 1942 
and 1945, the number of persons involved 
in this insect research work here averaged 
less than the number of one company of 
infantry. The money spent was less than 
the cost of one of the smallest cargo ves- 
sels. Yet the findings of this group of re- 
searchers now form the basis for our pres- 
ent methods of controlling some of the 
most devastating and debilitating diseases 
of mankind. My humble tribute to these 
our benefactors. 

Today, a widespread epidemic of ma- 
laria can be stopped within hours by the 
comparatively simple expedient of apply- 
ing 2 quarts of a 5 per cent DDT solu- 
tion per acre from an airplane. Flies, 
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which carry dysenteries, typhoid, cholera, 
and other diseases can be brought under 
control. 

Although these insecticides were de- 
signed for military needs, they can be re- 
vised, modified, and used for the benefit 
of a world at peace. Entomologists and 
others from around the world have come 
here to learn at the Orlando Laboratory. 
They returned to their homelands bearing 
information that is being applied to their 
peculiar insect problems. In 1947 the U.S. 
Department of Agriculture paid its of- 
ficial respects by giving its award for 
Distinguished Service to this Laboratory. 

The end of World War II, of course, did 
not bring an end to the need for research 
on military problems of insect control. 
American occupation forces remained in 
many areas. Insecticides and repellents 
were still needed to protect our military 
personnel. We had to develop insecticides 
that did not depend on imported mate- 
rials, such as pyrethrum. We had to ac- 
cumulate reserve stocks of insecticides. 
Then, too, you remember that certain in- 
sects began to develop resistance to DDT 
—so alternate insecticides were needed. 

To help provide answers to these and 
many other problems of military impor- 
tance, the Department of the Army has 
each year transferred funds to the De- 
partment of Agriculture to continue these 
specialized studies. The Department of 
Agriculture, in turn, has made available 
its vast background of information on in- 
secticides and insect behavior. 

Although the studies have a military 
objective, their actual value has been 
much more far-reaching. A very large part 
of the information developed has been 
adaptable to civilian uses, both here and 
abroad. The World Health Organization, 
for example, has recently undertaken a 
global survey of insecticide resistance in 
lice—one of the most dreaded carriers of 
diseases. The survey is based on methods 
developed here during the evaluation of 
new powders for the control of resistant 
lice. 

So the advantages are mutual. Much of 
the progress here of military importance 
has been made possible because of know]- 
edge and experience gained in the De- 
partment’s regular entomological research 
programs. But the Department has also 
benefitted indirectly from the new insec- 
ticides and other materials developed here. 








374 JOURNAL OF Economic ENTOMOLOGY 


Allethrin, a substitute for pyrethrum, was 
developed in the Washington laboratories 
for agricultural purposes. Further devel- 
opment for military use was done here. 
On the other hand, information on a num- 
ber of insecticides investigated here at Or- 
lando has been of great importance in 
their further investigation for use in agri- 
culture. 

As Secretary of Agriculture, I want to 
express appreciation of the confidence 
placed in our scientists by the medical and 
other specialists in the armed services and 
by the Office of Scientific Research and 
Development. These agencies requested 
the Department to undertake the research 
programs during the war, and they fur- 
nished the necessary funds. And we ap- 
preciate, too, the opportunity to continue 
the research since the war with funds pro- 
vided by the Department of Defense. 

To provide more adequate facilities to 
the research personnel doing this vital 
work, we have joined with the Depart- 





Egg-Laying Periods of the Red-Banded 
Leaf Roller in Southern Pennsylvania‘ 


Dean Asquitn,? The Pennsylvania State University 

In Southern Pennsylvania, one of the difficulties 
in controlling the red-banded leaf roller, Argyro- 
taenia velutinana (W kr.), is timing spray applica- 
tions to kill the maximum number of larvae of each 
brood. The key to this problem is the length of time 
eggs for each of the three broods are deposited by 
parent female moths of the preceding generation. 

During 1952 and 1953 on the laboratory farm in 
Arendtsville, the seasonal development of the red- 
banded leaf roller in cages and on young apple 
trees in the open was observed closely to determine 
the first and last dates eggs for each brood were de- 
posited. For each generation, the last 7 to 10 days of 
egg laying were observed in the field after egg laying 
in the cages had ceased. The records for both years 
are shown in table 1. 


Table 1.—Egg-laying periods of the red- 
banded leaf roller in Southern Pennsylvania. 








NUMBER OF 
Days Eaas 


Date Eaas Depositep 


Broop YEAR First Last DepositED 
First 1952 Aprill6é May 14 29 
1953 April 1 May 10 40 
Second 1952 June 16 = July 14 29 
1953 June 10 July 10 31 
Third 1952 July 25 August 23 30 


1953 July 21 August 24 35 





Frost (1925), who also worked in Arendtsville, 
reported much shorter egg-laying periods for all 
three broods than those listed in table 1, but his 
study of this factor was limited to caged specimens. 
The average egg-laying period of 32.3 days reported 
in this paper is approximately twice as long as the 
average of 16.3 days based on Frost’s figures. A 





ment of Defense in financing the construc- 
tion of these new laboratory facilities. The 
Department of the Air Force made this 
ground and these buildings available. 
Funds for their renovation were provided 
jointly by the Department of Defense and 
the Department of Agriculture. With the 
improved facilities and a continuing zeal, 
we can look forward with confidence to 
additional progress in the solution of these 
specifically military problems, with inci- 
dental but important benefit to agricul- 
ture and the entire American people. 

May a kind Providence bless and guide 
this vital work. 

It is with great pleasure that I dedicate 
this Entomology Research Laboratory, 
with its facilities for developing new and 
improved methods of controlling harmful 
insects, to the service of the armed forces, 
the agriculture of our Nation, and the 
welfare of all the people of the United 
States. 


review of the weather records for this area shows 
that the weather during the period of Frost’s study 
was similar to the weather in 1952 and 1953 and, 
therefore, cannot reasonably be considered an ex- 
planation for the difference. There is, of course, the 
possibility that the present strain of red-banded leaf 
roller infesting Southern Pennsylvania orchards is 
different from the strain that was here 30 years ago. 
Hough (1927), whose studies of the red-banded leaf 
roller were made in Winchester, Va., reported egg- 
laying periods ranging from 28 to 60 days, with an 
average of 41 days or an 8.5 day longer average 
period than the one reported herein for Southern 
Pennsylvania. 

During the last few years, both entomologists 
and fruit growers in Southern Pennsylvania have 
attempted to control the second and third broods 
of the red-banded leaf roller by applying one spray 
of a suitable toxicant against each of these broods. 
The data in table 1 indicate there is reason to expect 
this type of control program to fail expecially during 
seasons in which conditions are favorable for the de- 
velopment of this pest. In the fall of 1953, fruit in 
some orchards that harbored heavy infestations of 
the red-banded leaf roller, was injured because the 
residue from one spray of TDE applied in early 
August did not remain toxic long enough to kill the 
larvae that hatched from eggs deposited after August 
15. 
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Frost, S. W. 1925. The red-banded leaf roller. 
Penn. State College School of Agr. and 
Expt. Sta. Bul. 197. 
Hough, W. S. 1927. A study of the biology and 
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1 Authorized for publication as paper No. 1859 in the Journal 
Series of The Pennsylvania Agricultural Experiment Station. 

2 Acknowledgment is made of the valued assistance of Guy A. 
Herring and William L. Coradetti. 
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Tue Comstocks or CorNneE.u. By Anna Botsford 
Comstock, edited by Professors Glenn W. Her- 
rick and Ruby Green Smith. Comstock Publish- 
ing Company, Ithaca, N. Y., 1953; xiii+286 
pages. Price $4.50. 


This charming autobiography describes the lives 
of two of the most beloved and honored of all Cor- 
nellians. John Henry Comstock entered Cornell in 
1869, one year after the founding of this institution, 
and Anna Botsford came five years later. They were 
married in 1878 and for half a century they lived 
and labored together there, except for a two-year 
period, 1879-81, spent at Washington where Pro- 
fessor Comstock served as Chief Entomologist in the 
U. S. Department of Agriculture. The book is more 
than a record of the very full and interesting lives of 
these two extraordinary scientists and teachers. It 
is also a story of the development of a great institu- 
tion of learning. 

Professor Comstock created here the renowned 
Department of Entomollogy that was to produce 
numerous outstanding workers in this field. Always 
insisting that it is as important to know what insects 
do as it is to know their names, he significantly ex- 
tended the Department’s facilities in 1887 by con- 
structing an insectary. It was the first building of its 
kind and has served a long line of investigators, both 
graduate students and staff members. Mrs. Com- 
stock, while participating continually in her hus- 
band’s undertakings, herself became Cornell’s first 
woman professor and created the first Department 
of Nature Study to be developed at any American 
university. 

Probably very few even of those who knew the 
Comstocks well were familiar with Professor Com- 
stock’s lonely and troubled boyhood and youth that 
are pictured in touching detail by Mrs. Comstock. 
Her own more sheltered early life is described much 
more briefly but there is sufficient detail here also, 
to provide a nice setting for the later story. Few, 
too, have known of the Comstock’s successful ven- 
ture as part-time farmers which was carried on with 
the same determination and thoroughness as their 
scientific investigations. 

The Comstock home at Cornell was always a 
hospitable place. As Mrs. Comstock puts it, ‘“Dur- 
ing our first year together Harry and I began an en- 
terprise which we carried out as consistently as pos- 
sible for forty years, the entertaining of Professor 
Comstock’s students in our home.” Numerous allu- 
sions are made to gatherings there of students and 
others, and the reader is given a nice picture of de- 
lightful home life. Here and there throughout the 
book one also meets, and even comes to know, many 
of the outstanding entomologists of the period, in- 
cluding among others C. V. Riley, L. O. Howard, 
Vernon Kellogg, Samuel H. Scudder, H. A. Hagen, 
Theodore Pergande, C. H. Fernald, George Marx, 
Mark Slingerland and Alex. MacGillivray. 

A commendation from Signoret, French authority 
on Coccidae, of Mrs. Comstock’s drawing of a male 
coccid started her on a career as an artist in natural 
history. She also took up wood engraving in the 
early eighties in order to illustrate her husband’s 
books and she became extraordinarily proficient in 
it. This proved to be of the greatest importance for 
above all else the Comstocks were writers. Naturally 
the preparation of their many books is discussed, 
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and there are intimate details of the trials, hopes, 
disappointments, pleasures, anxieties and_satis- 
factions encountered with each. 


C. F. W. MureseBeck 


Tue Coconut Ruroceros BEETLE (Oryctes rhino- 
ceros) Witn ParticuLaR REFERENCE TO THE 
Patau IsLanps, by J. Linsley Gressitt. 1953. 
Bernice P. Bishop Museum Bulletin No. 212. 
157 pp. with 50 illustrations and 16 tables. 


The coconut rhinoceros beetle was introduced 
into the central Palaus by Japanese shipping at an 
early stage of World War IT. In this area, released 
from the natural controls of its native home and 
offered abundant food, it increased in numbers and 
spread rapidly. The problem was aggravated by 
damage to coconuts by gun fire during the war. The 
beetle now threatens the entire economy of the 
Trust Territory. 

In this article, published in November of 1953, 
Dr. Gressitt has presented a very interesting and de- 
tailed ecological life history of this important insect 
pest. After an introduction, which gives background 
information on the Palau Islands and the host plant, 
he takes up taxonomy, morphology and biology, 
ecological relationships in the Palau Islands, and 
control. These major sections are followed by com- 
ments on the importance of quarantine and the 
beetle in other areas. A bibliography of 310 references 
and an index complete the paper. 

Due to the widespread and diverse breeding hab- 
its of the larvae and the inaccessibleness of all stages, 
chemical control is not feasible economically or 
otherwise. Much effort has been spent on biological 
control, but has not been successful to date. The 
correlation between the abundance of available 
larval breeding sites and damage by the adults has 
suggested the utilization of sanitation programs. 
This procedure, coupled with trapping, has been 
the most successful to date. The ecological basis of 
this control is not clear from the text. 

Although the author has given a thorough factual 
summary of his information and that of the litera- 
ture, much remains to be done in the way of a critical 
analysis of the population dynamics of this species. 
Nevertheless, this important paper will stand as a 
manual for anyone interested in life history, habits, 
and control of the coconut rhinoceros beetle. 

Ray F. Smita, 
University of California, Berkeley 


FUNDAMENTALS OF EcoLogy, by Eugene P. Odum, 
W. B. Saunders Company, West Washington 
Square, Philadelphia, Pennsylvania, 1953. 538} 
inches. 384 pp., 119 figures. $6.50. 


Recent years have witnessed increased apprecia- 
tion of the important role of ecology in both the 
fundamental and applied phases of biological study. 
For several years there has been a well-recognized 
need for a textbook setting forth the principles of 
ecology in a concise, simplified and readily under- 
stood manner sutiable for the needs of an introduc- 
tory college level course. In writing this text Dr. 
Odum has been guided by 15 years of teaching ex- 
perience at the University of Georgia. The subject 
matter has been arranged in the manner which he 
has found to be most effective. Of the 14 chapters 
comprising the book, the first eight concern basic 
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principles. These are grouped under such subjects 
as “Ecosystem and Biogeochemical Cycles,” “Limit- 
ing Factors,” “Energy and Ecological Systems,” 
“Organization at the Community Level,” etc. 
Throughout these eight chapters the principles are 
set forth as statements, each followed by one or 
more pargraphs of explanation which are in turn 
followed by an example illustrating the function of 
the principle or concept involved. 

The absence of a mass of complicating detail may 
tempt the student to think of ecology as a less com- 
plex subject than it actually is. Such a misconcep- 
tion, if it arises, may be readily corrected by point- 
ing to the interdependent and interlocking nature 
of all ecological concepts. Nevertheless it is no easy 
task to acquaint the student with the forest without 
losing him in the trees. 

In Part IT the student is introduced to at least a 
portion of the trees. This part is termed ‘“The Habi- 
tat Approach” and is subdivided into three chapters, 
dealing respectively with freshwater, marine, and 
terrestrial ecology. Here the “principles” are re- 
examined as they are found to apply to the animal 
inhabitants of the earth’s surface. Emphasis is 
placed on ecosystems, which are defined as the func- 
tional units of ecology, each consisting of living and 
non-living parts interacting to produce a stable 
system. 

The chapters on organization at the species popu- 
lation level, the interspecies population level, and 
the community level reflect the importance of the 
biometrical approach to these problems. Natural 
ecological classification is treated under “Terrestrial 
Ecology” and the term “Biome” is used to designate 
the largest land community unit which it is conven- 
ient to recognize. These are areas over which the life 
form of the climatic climax vegetation is uniform. 

The book concludes with Part III, which concerns 
the applications of ecology which contribute to the 
well being of human society. Three short chapters 
treat applications to ‘Natural Resources,” ‘Public 
Health and Welfare” and “Human Society.” The 
first two refer to research of the kind intended either 
to bring about the maintenance or increase of desir- 
able organisms or to diminish the numbers of unde- 
sirable species. The last chapter presents a brief but 
interesting summary of human ecology in which 
man’s culture and economy are examined in the 
light of ecological principles. 

A well rounded course in ecology requires some 
field and laboratory work if the student is to gain 
any first hand experience in the methods, instru- 
mentation, and technical difficulties encountered in 
ecological research. Odum refers to these only in- 
directly as he cites examples to illustrate principles. 
Otherwise his “Fundamentals of Ecology” appears 
admirably suited “‘to serve as a textbook in a college 
course and also as a reference for the naturalist— 
conservation workers, sanitary engineers and other 
applied ecologists who need to be familiar with the 
background work and theories in ecology.” 

R. I. Sater 


An EntToMOLoaist’s QuEst, Charles Lester Marlatt, 
1953. Monumental Printing Co., Baltimore, Md. 


In this volume of 338 pages, Dr. Marlatt presents 
the entomological results of his successful efforts to 
locate the original home of the San Jose scale and to 
collect and transport to the United States parasites 
and predators of the scale, ‘“‘this worst of all decidu- 
ous fruit pests.” 

It may be difficult for present day entomologists 
to visualize the importance of this endeavor, the 
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difficulties encountered and the pioneer nature of 
the survey, but reference to the recent literature on 
the Oriental fruit fly in Hawaii should convince 
them of the very great threat of the introduced San 
Jose scale to American agriculture. In that day ento- 
mology lacked the present day multiplicity of potent 
insecticides with which an invader now may be elim- 
inated or retarded. 

The diary that might easily have been tedious 
and dreary is enlivened by anecdotes, side lights on 
the character of some of the guides, officials and 
travelers encountered and comments on customs 
and shopping expeditions. 

Ernest N. Cory 


NeotropicaL Cuuicipak. J. Lane. 2 vols., 1112 pp. 
illus. University of SAo Paulo, Brazil. 1953 (Ob- 
tainable in this country from John D. Sherman, 
Jr. Mount Vernon, N. Y. $15.00). 


This large work by one of the world’s leading culic- 
idologists will be indispensable for anyone attempt- 
ing to determine mosquitoes from South America, 
Central America, or the West Indies. It is the only 
work since Dyar’s Mosquitoes of the Americas that 
attempts to cover the rich fauna of this large area. 
The author had the opportunity to study original 
material in the British Museum and at the U. S. 
National Museum, and in addition has had long 
experience with the mosquitoes of South America, 
particularly Brazil. 

The author includes three subfamilies, the Dixinae, 
Chaoborinae, and Culicinae, only the latter con- 
taining bloodsucking species. In all, approximately 
640 species are keyed and described, and there are 
1071 figures scattered through the text. Larvae and 
pupae are described as far as these are known. The 
first volume contains an introductory portion of 29 
pages with a brief discussion of mosquito anatomy, 
an historical summary, and a general bibliography. 
The rest of this volume is taxonomic and covers the 
Dixinae (genus Diza), Chaoborinae (5 genera) and 
the tribes Toxorhynchitini, Anophelini, and the 
genus Culex of the tribe Culicini. The second volume 
contains the 8 other genera of the Culicini, the 5 
genera of the Sabethini, and an index for both vol- 
umes. There are 12 separate bibliographies for vari- 
ous portions of the family, and each species has the 
references to it for taxonomic status and synonymy 
prior to 1939 and all other references since then, 
thus supplementing Lane’s catalogue. It is not evi- 
dent from the title pages or the introduction that 
N. L. Cerqueira collaborated on the genera Aedes, 
Psorophora, and Haemagogus, but a separate title 
page (p. 631) gives this information. 

It is not to be expected that this work is free of 
errors, and future workers will undoubtedly point 
them out. In a work of this magnitude, covering 
many species that were inadequately described or 
based upon poor or scanty material, it is impossible 
to determine with certainty all of them. It is quite 
possible that as our knowledge of the species grows 
some of the species that here stand in synonymy will 
be found valid. The work does, however, provide an 
excellent base for future work on the family, and 
will remain, for many years as the essential work 
on the subject. One only wishes that time and space 
had permitted taxonomic notes on the species that 
would explain the basis on which the synonymies 
were made. The English speaking part of the world 
is favored by the language in which this work is 
published. 

ALAN STONE 





